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SUMMARY

This report is the fourth of a series on systematic tests
conducted by the National Advisory Commiltee for
Aeronautics, which compare lateral conirol devices with
particular reference to their effectiveness at high angles
of attack. The present report covers tests with floating
tip ailerons on rectangular Clark ¥ wings. Ailerons of
two profiles were tested—symmetrical and Clark Y, both
with adjustable trailing-edge flaps. Hach form was tested
at three hinge-axis locations, both with and without vertical
end plates between the ailerons and the wing proper. The
results from these tests are compared with the results
from tests on a wing of the same over-all size egmpped
with average-sized ordinary ailerons.

All the wing-tip floating ailerons tested had about the
same characteristics throughout except for their effect
on the general performance of the wing. The general
performance was found to be definitely poorer for all of
the rectangular wings with floating tip ailerons than
with a wing having the same over-all dimensions and
ordinary ailerons. At the stall and just above, the rolling
condrol was less than an assumed satisfactory value, but
was appreciably better than with the standard wing with
ordinary ailerons. At angles of aitack above 22° the
control with the wing-tip ailerons was found to be greater
than the assumed satisfactory value, whereas the ordinary
ailerons on the standard wing failed almost completely.
The wings with floating tip ailerons gave no appreciable
adverse yawing moments (body axis), but gave large
favorable ones at high angles of attack. The instability
in rolling was not as bad as for the wing with ordmary
ailerons.

INTRODUCTION

This report describes the fourth of a systematic
series of investigations in which it is hoped to compare
all types of lateral control devices which have been
satisfactorily used or which show reasonable promise
of being effective. In this series of investigations it is
planned first to test the various types of ailerons and
other control devices on rectangular wings of aspect
ratio 6. Later the best of these control devices are

to be tested on wings with various amounts of taper
and with different tip shapes. Still later the best
control devices are to be tested on wings designed to
improve lateral stability by giving them such features
as washout, dihedral, and sweepback. In the entire
series of investigations the various devices are to be
subjected to the same program of wind-tunnel tests
which, it is thought, include all factors directly con-
nected with lateral control and stability that can be
satisfactorily handled in a routine manner in a wind
tunnel. The tests include regular 6-component force
tests with the ailerons or other control devices both
neutral and deflected various amounts; rotation tests
in which the model is rotated about the tunmel, or
wind, axis and the rolling moment measured; and free-
rotation tests showing the range and rate of autorota-
tion. Because of the large effect of yaw on the lateral
stability, the tests are made not ouly at 0° yaw, but
also with an angle of yaw of 20°, which represents the
conditions in an average sideslip. The tests show the
relative merit of the various control devices in regard
to lateral controllability, lateral stability, and general
performance as shown by the Ilift and drag
characteristics. K

The first report of this series (reference 1) deals with
three sizes of ordinary ailerons. One of these is a
medium-sized one taken from the average of a number
of conventional airplanes and is used as the standard
of comparison throughout the entire investigation.
Other work that has been done in this series of inves-
tigations is reported in references 2 and 3.

The present report covers a similar, but preliminary,
investigation on wings with floating wing-tip ailerons.
A limited amount of work has been done previously
on wings with floating ailerons (references 4 to 7), but
the results are not sufficiently correlated and complete
to cover all the main factors involved. The wings
used in the present tests were rectangular in plan and
the ared of the ailerons was included as a part of the
wing area. The tests were made with ailerons having
two different airfoil sections, both forms being equipped
with trailing-edge flaps. The ailerons were tested
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with three different axis locations, both with and with-
out two types of end plates. Subsequent tests will
be made with narrow chord and tapered floating wing-
tip ailerons.

APPARATUS AND MODELS

Wind tunnel.—The 7 by 10 foot wind tunnel of the
National Advisory Committee for Aeronautics, which
is being used for the entire investigation, has an open
jet and a single, closed return passage. The tunnel,
the balance, and the associated apparatus are de-
scribed in detail in reference 8.

For the force tests the model is mounted on a spindle
attached to a floating framework surrounding the test
section of the air stream. The balances are arranged
to measure the six components of the aerodynamic
forces and moments with respect to the wind axes.
The floating angles of the ailerons are measured by an
optical device mounted outside the air stream.

For free-autorotation and forced-rotation tests the
model is mounted on a shaft on the jet center line.
This shaft is driven through reduction gears by a
small electric motor. The spindle and driving appa-
ratus are mounted on the balance floating framework.
In the free-autorotation tests the rate of rotation is
determined and in the forced-rotation tests the rolling
moment, while the model is rolling, is measured directly
on the regular rolling-moment balance.

Models.—The wing models used were 10-inch chord
Clark Y wings of aspect ratio 6. (Fig. 1.) Floating
tip ailerons of 6-inch span were included as part of the
wing. They were designed to give about -the same
rolling control at an angle of attack of 10° as the plain
standard ailerons. (Reference 1.) The floating aile-
rons were secured to an interconnecting shaft supported
on bearings in the wing proper. = They could be locked
on this shaft while deflected with respect to each other,
but free to move with respect to the remainder of the
wing. The ailerons were statically balanced about the
hinge axis at any of the three axis locations; namely,
10 per cent, 15 per cent, and 20 per cent of the chord
from the leading edge of the wing. (Fig. 1.) The
tests were made on ailerons of two different profiles,
the symmetrical N. A. C. A. 0010 and the Clark Y.
The ailerons were equipped with adjustable trailing-
edge flaps 20 per cent of the chord in width. As
shown on Figure 1, two types of end plates were used,
one triangular and the other circular.

The wing proper was constructed of laminated
mahogany to an accuracy of +0.0056 inch. Metal
bearings were set into the ends of the wing to support
the aileron shaft. The ailerons were of composite
construction. The leading edge nose piece ahead of the
axis was made of lead or brass. The rest was built up,
the ribs being of either mahogany or balsa wood and
the covering of either paper or balsa wood. The form
of the ailerons was not as accurately maintained as
that of the remainder of the wing, owing to slight warp-
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age and looseness of the paper covering caused by
changing atmospheric conditions. The end plates
were made of 4s-inch sheet aluminum.

TESTS AND RESULTS

All tests were made at a dynamic pressure of 18.37
pounds per square foot which corresponds to an air
speed of 80 miles per hour under standard atmospheric
conditions. The scale of all tests is the same, the
Reynolds Number being 609,000.

Test to find the effect of axis location,—The first tests
were made to determine the effect of the three axis
locations. These tests were made on the wing with
the symmetrical floating tip ailerons. The flaps were
neutral and no end plates were used. The first tests
on these models consisted of measuring the six com-
ponents of aerodynamic forces and moments and the
floating angles of the ailerons over an angle-of-attack
range from —10° to +60°, with the ailerons floating
with respeet to the wing and locked neutral with respect
to each other. These tests were made at both 0° and
—20° yaw. Force tests were next made with the aile-
rons deflected with respect to each other, over an
angle-of-attack range from 0° to 40°.- The right aileron
was deflected up and the left down. The 0° yaw tests
were made with the ailerons deflected +10°, +20°,
and +30° At —20° yaw the tests were made with
only one aileron setting, =20°, This aileron deflection
is the maximum necessary to give the assumed satis~
factory control, as determined from a number of
flight tests (this subject is more fully discussed further
on in this paper and in reference 1).

Under most conditions the ailerons floated satisfac-
torily; however, they fluttered violently at angles of
attack between 9° and 14° when pivoted at the 20 per
cent axis location and with the ailerons deflected +20°,

The results of these tests are given in Tables I and
IT as absolute coefficients of lift and drag and rolling
and yawing moments:

o _.Rolling moment
! gbs8S

_ Yawing moment
gbs

where S is the total wing aresa, b is the wing span, and ¢
is the dynamic pressure. The coefficients as given
above are obtained directly from the balance and refer
to the wind (or tunnel) axes. In special cases in the
discussion where the moments are used with reference
to the body axes the coefficients are not primed. Thus,
the symbols for the rolling and yawing moment coefli-
cients about the body axes are, respectively, C; and Ca.

Cy’




FLOATING TIP AILERONS ON RECTANGULAR WINGS

The rolling and yawing moments at 0° yaw with
ailerons deflected are the respective moments due to
ailerons alone. At 20° yaw with the ailerons neutral
the moments as given are due to yaw alone, but with
the ailerons deflected they represent only the effect of
the ailerons. The floating angles of the left aileron
with respect to the chord of the model, designated 84,
are also included in these tables.

Rotation tests were also made on these three models
at both 0° and 20° yaw. First, free-autorotation tests
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instabifity were determined. The degree of the rolling
instability is expressed in terms of the coefficient

- A
. OXEBQTS
where A is the rolling moment due to the asymmetric
distribution of the load along the span when the wing
is rolling. The results of the free-autorotation tests
are given in Table ITI and the results of the forced-
rotation tests in Table IV. The coefficients as given
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FI1G6URE 1.—Diagrams of the varlous model arrangements with floating tip allerons

were made at 0° yaw, in which the model was mounted
on the spindle, which was free to rotate. In these tests
the range of angles of attack at which rotary instability

occurred was determined and also the rate of rotation.
7

b
gV; where
p’ is the rate of rotation in radians per second, b is the
span of wing, and Vis the velocity of air. Next, forced-
rotation tests were made at a constant rate of rotation,
with the model first at 0° and then 20° yaw. These
tests were made at a rate of rotation corresponding

b
to % =0.05 which value, according to special flight
tests, approximates the maximum rate of rolling caused
by gusty air. (Reference 1.) In the forced-rotation
tests the range of angles of attack at which rolling
instability occurred and the intensity of the rolling

The rate of rotation is expressed by the ratio

above are with respect to the wind axis, which corre-
sponds to the center line of the air stream.

From & comparison of the results of these tests with
the results of the tests on the wing with the standard
ailerons (reference 1) it was found that the Crm.x speed-
range ratio, and rate of climb of the wings with floating-
tip ailerons were much poorer. The control at high
angles of attack, however, was better for all cases with
floating tip ailerons. With the ailerons hinged at the
15 per cent axis location the results were superior to
those at the other axis locations.

Tests to find the effect of end plates.—The effect of
end plates was determined by making a regular series of
force and rotation tests on the wing with the symmetri-
cal tip ailerons hinged at the 15 per cent axis location,
first with the triangular and then with the circular end
plates. (Fig. 1.) The results of these tests are given
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in coefficient form in Tables V, VI, VII, and VIII.
The triangular end plates incressed the maximum
lift slightly and decreased the minimmum drag. They
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F1GURE 2.—Varjation of maximnm Hft and the ratio of max-
imum lift to minimum drag with flap angle, Clark Y
airfoil with N. A. C. A. 0010 symmetrical tip floating
allerons

also improved the control at 20° yaw. The circular
end plates increased the maximum lift, but also in-
creased the minimum drag, and improved the control
at 20° yaw somewhat more than the friangular end
plates. It was decided not to continue the tests with
circular end plates, however, owing to the increase in
minimum drag.

Tests with aileron flaps deflected.—Preliminary tests
with the ides of improving the lift and drag character-
istics with both types of floating tip ailerons were made
with the aileron flaps deflected up various amounts.
This flap deflection made the sailerons float at higher
angles of attack.

The tests were made to determine the maximum lift
and minimum drag coefficients only. Inasmuch as the
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effect of the flaps on maximum lift was small, the flap
settings were in most of the cases varied throughout a
sufficient range to find the highest value of the speed-
range criterion, Crmar/Comm- The tests were made
with all three axis locations and both with and without
the triangular end plates.

The results are given in Figures 2 and 3. With the
symmetrical tip ailerons (fig. 2) the maximum value of
the ratio Crmax/Comin Occurs in nearly all six tests at a
flap setting of about 2° up. Above this angle of attack
as the flap angle increases, this ratio decreases, although
the maximum lift continues to increase very slightly.
With the flaps up 12°, however, the ailerons flutter
violently. With the Clark Y ailerons, Figure 3 shows
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FIGURE 3.—Variation of maximum lift and the ratio of maxtmum lif¢t to minlmum
drag with flap angle. Clark Y alirfoil with Olark Y tip fleating aflerons

that the highest ratio of maximum lift to minimum
drag occurs for all tests with the flap up about 11°.
Tests were also attempted with the ailerons defi-
nitely unbalanced statically, in order to make ‘them
float at a higher angle of attack and thus increase the
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lift, but owing to excessive aileron flutter the tests could
not be completed.

Final tests with best flap settings.—Final tests were
made with the best flap settings as found above, with
both sets of ailerons and all axis locations, both with
and without triangular end plates. These tests con-
sisted of complete force and rotation tests with the
ailerons neutral, and complete force tests with ailerons
deflected +10°, £20° and +30°, all at both 0° and
20° yaw. The test procedure and the angle-of-attack
range were the same as for the first of the previously
listed tests. The symmetrical tip ailerons with the
flaps up 2° fluttered violently when deflected +20°,
from 9° to 14° angle of attack, when hinged at the 20
per cent axis location, both with and without the
triangular end plates.

The force-test results with the symmetrical tip'

ailerons with the flaps up 2° and without end plates
are given in Tables IX and X. The rotation-test results
on the same models are given in Tables XT and XII.
Likewise, the force and rotation test results on the
same model with triangular end plates are given in
Tables XIII and XTIV, and XV and XVI, respectively.
The results of the force and rotation tests on the wings
with the Clark Y tip ailerons with flaps up 11°, with
and without triangular end plates, are given in Tables
XVII to XXIV.

Results of one of the tests with the symmetrical tip
nilerons at the 15 per cent location, with flaps 0° and
no end plates, are shown in Figure 4 for ailerons
deflected +20°. On the same figure, for comparison,
the results are also given from the tests with the
standard wing with 25 per cent chord by 40 per cent
semispan ordinary ailerons deflected +25°. These
curves show the variation of the. coefficient of rolling
momeont due to ailerons, for a given aileron deflection,
over an angle-of-attack range from 0° to 40°. A com-
parative study of the curves shows that the rolling
moment with the plain ailerons deflected +25°is about
the same as the rolling moment with the floating tip
ailerons deflected +20° up to 15° angle of attack.
Above this angle of attack the rolling moment drops
very rapidly for the ordinary plain ailerons, whereas
with the floating-tip ailerons the rolling moment in-
creases to a maximum at 22° angle of attack. As the
angle of attack is increased above 22° the rolling
moment decreases, but not at a very rapid rate. The
curve for the tip-aileron rolling moments shown in this
figure is representative of all the tip ailerons tested.

Compound floating-tipailerons.—Testswerealso tried
with the ailerons floating independently of each other
and controlled by varying the flap angle to obtain the
rolling moments. This aileron arrangement is desig-
nated compound floating tip ailerons. With the flap
set up 10° on one aileron and down 10° on the other a
rolling-moment coefficient of about 0.040 was obtained.
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At higher flap settings the ailerons fluttered violently.
Since the above-mentioned rolling-moment coefficient
was not considered satisfactory these tests were not
continued.

Accuracy.—The accuracy of the results given in this
report is the same as that obtained in Part I. (Refer-
ence 1.) It is considered satisfactory at all angles of
attack except in the burbled region between 20° and
25°. In this region the rolling and yawing moments
are relatively unreliable owing to the critical and often
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FiGure 4—Comparison of rolling moments due to ocrdinary allerons
with rolling moments due to fleating tip aflerons. Clark Y airfoll
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unsymmetrical condition of the burbled air flow around
the wing.
DISCUSSION OF RESULTS

For a comparison of the different aileron effects the
results of the tests are discussed in terms of criterions
which are explained in detail in reference 1 and briefly
in the following paragraphs. By use of these criterions
a comparison of the effect of the different ailerons on
the general performance, the lateral controllability,
and the lateral stability may be easily made. The
results of the above tests in terms of the criterions are
given in Table XXV. The criterions for the following
aileron arrangements are included in the table for com-
parison: The wing with the 25 per cent chord by 40 per
cent semispan ordinary ailerons, which is used as the
standard; and the wing with the 40 per cent chord by
30 per cent semispan ordinary ailerons rigged up 10°
when neutral, which is the best of the previously
tested ailerons. .
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GENERAL PERFORMANCE

Wing ares required for desired landing speed.—The
criterion Crpar is used to indicate the wing area re-
quired for & given landing speed, or conversely, for the
minimum landing speed obtainable with a given wing
area. The coefficient as used herein is based on the
entire wing area, including the ailerons. The use of
this area in calculating the coefficients was considered
& fair basis for comparing floating tip ailerons with
ordinary ailerons as the ailerons represent additional
structural weight and span.

A comparison of the maximum lift coefficients ob-
tained with the wings equipped with foating tip aile-
rons and the maximum lift coefficient of the standard
wing with ordinary ailerons (Table XXV) shows that
the floating tip ailerons decreased the maximum lift
coefficient by 10 to 15 per cent. The effects of the
changes in aileron arrangements were small. Maxi-
mum lift was increased by 3 to 6 per cent as the axis
of the ailerons was moved back from the 10 per cent
to the 20 per cent location. It was also improved
from 1 to 2 per cent by putting the flaps up 2° on the
symmetrical tip aileron. The triangular or circular
end plates increased the maximum lift from 0 to 3 per
cent. Figures 2 and 3 show that the maximum lift
was increased still higher as the flap angle was increased
beyond the setting for the highest ratio of maximum
lift to minimum drag.

Speed range.—The criterion forspeed range was taken
as the ratio of the maximum lift coefficient to the
minimum drag coefficient. In all cases with the float-
ing tip ailerons the speed-range ratio is lower than for
the standard wing with ordinary ailerons. (Table
XXV.) This lower value of the speed-range ratio is
due to both the decrease in maximum lift and the
increase in minimum drag with the floating tip aile-
rons. The minimum drag, which varies with the float-
ing angle of the ailerons, has the greater effect of the
two. With the wing-tip ailerons the floating angle of
the ailerons was different if the angle of attack of
minimum drag was approached from a lower angle of
attack than if approached from a higher angle. The
value of minimum drag as obtained when the angle
of attack was decreased to the angle for minimum drag
was always the lower and is used in calculating the
speed-range ratio in every case. This should be a fair
basis of comparison, because in flight the low angle of
attack, or high speed, condition is always approached
from a high angle of attack, or low speed, condition.

The highest value of the speed-range ratio, which is
about 15 per cent lower than that for the standard
wing, was obtained with the symmetrical tip ailerons
hinged at the 15 per cent axis location, with the flaps
neutral and the triangular end plates in place. The
ratio was about the same with the symmetrical tip
ailerons with the flaps up 2°, without end plates for
both the 10 and the 15 per cent axis locations. The
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value for the 20 per cent axis location was worse in
every case than for the 10 and 15 per cent locations.
The ailerons with the Clark Y section gave results not
quite as good as those obtained with the symmetrical
tip ailerons, other conditions being the same.

Rate of climb.—The criterion for the rate of climb as
used in Table XXV is the ratio of lift to drag at a
lift coefficient of 0.70. None of the wings with tip
ailerons is as good as the standard wing with ordinary
ailerons in this respect. With either set of tip ailerons
at the 20 per cent axis with flaps up the best amount
and triangular end plates, the rate-of-climb criterion
is only 2 per cent less than for the standard wing.
The value of the criterion decreases as the axis is
moved ahead to the 10 per cent position. The lowest
values are for the symmetrical tip ailerons with flaps
0° and no end plates, in which case the average value
for all three axis locations is about 20 per cent lower
than for the standard wing. The rate-of-climb ecri-
terion for the wing with the ordinary short, wide
ailerons rigged up 10° when neutral is about 10 per
cent higher than the best of the wings with the float-
ing-tip ailerons.

LATERAL CONTROLLABILITY

Rolling criterion.—The rolling criterion upon which
the control effectiveness of each of the aileron arrange-
ments is judged is a figure of merit that is designed to
be proportional to the initial accelleration of the wing
tip that follows a deflection of the ailerons from neu-
tral, regardless of the air speed or the plan form of the
wing. Expressed in coefficient form for a rectangular
monoplane wing the criterion is

G
RO:UL
where C; is the rolling-moment coefficient about the
body axis due to the ailerons. The numerical value
of this expression that has been found to represent
satisfactory control conditions is approximately 0.075.
A more detailed explanation of the derivation of BC
and of its more general form which is applicable to any
wing plan form is given in reference 1.

The comparison of the ailerons on the basis of this
criterion is given in Table XXV at four representative
angles of attack; namely, 0°, 10°, 20°, and 30°. The
0° angle represents the high-speed attitude; «=10°
represents the highest angle of attack at which entirely
satisfactory control with ordinary ailerons can be
maintained; «=20° is the condition of greatest lateral
instability and is probably the greatest obtainable
angle of attack in a steady glide with most present-day
airplanes; and finally, «=30° is given only for com-
parison with controls for possible future types of
airplanes.

At 0° angle of attack or at high speed all the floating
tip ailerons give very high values of BEC. They are
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like the standard plain ailerons in that at high speed
they give more control than is necessary.

At 10°, or the highest angle of attack at which the
standard ailerons give entirely satisfactory control
(and which is also the condition for which all ailerons
were designed to give the same control), the values of
RO for all floating tip ailerons fall within reasonable
limits of that for the standard wing with ordinary
ailerons. These ailerons may be arranged to give the
same value of RCO at this angle of attack by simply
changing their maximum assumed deflection.

At @=20° none of the floating wing-tip ailerons
gives entirely satisfactory control. The values vary
from 67 to 87 per cent of the respective values at 10°
angle of attack. End plates have an adverse effect
on the control at this angle of attack for all tip ailerons.

All the floating tip ailerons give better control at
a=20° than the standard ailerons. The values of
RC for the wing with the standard ailerons with equal
up-and-down aileron displacement, and for the wing
with short, wide ailerons rigged up 10° when neutral
and having an extreme differential movement, are
shown in Figure 5 along with a typical set of results
for the floating tip ailerons (symmetrical tips with
flaps 0°, 15 per cent axis location, and no end plates).

If, as seems hardly probable, it is desired to fly at
an angle of attack appreciably higher than 20°, floating
tip ailerons will give satisfactory control. At an angle
of attack of 30° all the floating tip ailerons give an
excess of control over that considered satisfactory,
whereas all ordinary ailerons fail almost completely.

Lateral control with sideslip.—If a wing is yawed ap-
preciably & rolling moment is set up that tends to
roise the forward tip with a magnitude that is always
greater, at very high angles of attack, than the avail-
able rolling moment due to ordinary ailerons. The
highest angle of attack at which the ailerons can
balance the rolling moment due to 20° yaw is tabulated
for all aileron arrangements as a criterion of control
with sideslip. As previously mentioned 20° yaw
represents the conditions in an average sideslip.

Referring again to Table XXV it may be seen that
without end plates the control against 20° sideslip is
maintained up to about the same angle of attack (20°)
with any of the floating tip ailerons as with the
standard ordinary ailerons. With triangular end
plates the tip ailerons give slightly better control than
the standard ordinary ailerons, the critical angle being
from 3° to 5° higher. The wing with the ordinary
short, wide ailerons, rigged up 10° when neutral and
having an extreme differential movement is still
better, however, having control against sideslip up to
an angle of attack of 26°. With the circular end
plates the control is still better, being sufficient to
give control at all angles of attack.

149800—33——32
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Yawing moment due to ailerons.—The desirable yaw-
ing moment due to ailerons depends to some extent
upon the type of airplane that is being considered. For
highly maneuverable military or acrobatic machines,
complete independence of the controls as they affect
the turning moments about the various body axes is
no doubt a desirable feature. On the other hand, for
large transport airplanes or for machines to be oper-
ated by relatively inexperienced pilots, a favorable
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yawing moment of proper magnitude would be an
appreciable aid to safe flying at high angles of attack,
where the secondary rolling moment produced by the
resulting yawing motion of the airplane would help
the usually inadequate rolling moment of the ailerons
alone. Finally, it is obvious that a yawing moment
tending to turn the airplane out of its bank is never
desirable under any circumstances.

From an inspection of Table XXV it may be seen
that none of the wings with floating tip ailerons give
appreciable adverse yawing moments, and the negli-
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gible adverse yawing moments which do occur are at
the high-speed condition only. All the floating tip
ailerons give large favorable yawing moments about
the body axes at high angles of attack. At 10° angle
of attack the favorable yawing moment is about 1%
times more than can be obtained with an average
rudder, and at 20° angle of attack the ailerons give
about four times as much yawing moment as an aver-
age rudder. At all angles of attack the yawing
moments about the wind axes are small, which explains
the small yawing moments about the body axzes at
high speeds or low angles of attack where the two sets
of axes tend to become the same. All wings with the
floating tip ailerons are superior to the standard wing
with plain ailerons in this respect. The yawing
moment coefficients about the body axis, Cs, with the
short, wide ailerons rigged up 10° and operated with
extreme differential movement are, however, about the
same as those with the floating tip ailerons.

LATERAL STABILITY

Angle of attack above which autorotation is self-start-
ing.—The first criterion of lateral stability is the angle of
attack above which the airfoil will start to rotate if
mounted on s free shaft parallel to the jet axis. All
the wings with floating tip ailerons are laterally stable
up to an angle of attack within 1° of 19° which is the
same as the standard wing with ordinary ailerons.
This angle is about 3° greater than the angle of attack
of maximum lift. .

Stability against rolling caused by gusts.—Thig is a
more severe criterion than the preceding one. It rep-
resents the condition of maximum rolling due to gusty
air while attempting level flight. This rate of rolling
was found from flight tests to correspond to approx-

r - .
imately gll—l;mﬂ.%. (Reference 1.) In all cases at 0°

yaw the angle of initial instability in rolling at Zﬁ)%

=(.05 is from 1° to 2° less than that at which auto-
rotation is self-starting. It is about the same as for
the wing with standard ailerons.

For 20° yaw and all cases without end plates the
wings, like the one with standard ailerons, were un-
stable at angles of attack greater than 9° to 11°. The
triangular end plates increased these angles of attack
for initial instability to from 12° to 16°; the largest
angles being obtained with the Clark Y ailerons hinged
at the rearmost axis location.

The above criterion shows only the angle of initial
instability in rolling. Another criterion that shows
the degree of the lateral instability is the maximum
unstable rolling moment while the model is rolling,
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C.. All the wings showed unsymmetrical conditions
in the two directions of rotation. The highest value
of unstable G, in either direction of rotation is given
in Table XXV. The values of Gy at 0° yaw for the
wings with floating tip ailerons are about half as great
as for the standard wing with plain ailerons and about
the same as with the short, wide ailerons rigged up 10°
when neutral. At an angle of yaw of 20°, the maxi-
mum.values of C\ with the floating tip ailerons were
in all cases about one-third lower than with the ordi-
nary standard ailerons, and were slightly lower than
with the ordinary short, wide ailerons rigged up 10°
when neutral.
CONTROL FORCE REQUIRED

In the tests herein reported the hinge moments were
not measured. When the best floating tip ailerons
have been found the hinge moments will be determined
if the ailerons are considered of sufficient interest. Tt
is, of course, evident that the hinge moments will be

less for the 20 per cent axis than for the 15 per cent

axis, and less for the 15 per cent axis than for the 10

" per cent axis.

AILERON FLUTTER

At angles of attack above the stall all the floating
tip ailerons showed slightly unsteady characteristics;
that is, they fluctuated as much as a degree, but not
at regular intervals. This fluctuation may have been
caused by slight movements of the wing due to the
burbled air flow above the stall. With the symmetri-
cal tip ailerons hinged on the 20 per cent axis and the
flaps 0° or up 2°, both with and without the triangular
end plates, there was a very violent flutter with the
ailerons deflected £20°. This flutter occurred over an
angle-of-attack range from 9° to 14°, It had an
amplitude of 3° or 4° and was so violent that balance
readings could not be taken.

POSSIBILITY OF CONTROL OF FLAPS ON TIP AILERONS

If the flaps on the wing-tip ailerons were made to be
controllable in flight the general efficiency of the wings
with floating tip ailerons could be greatly improved.
The maximum lift coefficient could be increased by
moving the flaps up for the conditions of take-off and

- landing. The rate of climb and the minimum drag

could likewise be improved by proper adjustment of
the aileron flap angle. .

CONCLUSIONS

1. The general performance, including the wing area
required for a given minimum speed, the speed range,
and the rate of climb, was found to be definitely poorer
for the rectangular wings with floating tip ailerons
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than with a wing having the same over-all dimensions
and ordinary ailerons.

2. With the flaps turned up a smell amount the
floating tip ailerons of symmetrical section gave a
slightly higher maximum lift coefficient, speed-range
ratio, and climbing criterion.

3. None of the present floating tip ailerons on rec-
tangular wings gave entirely satisfactory rolling con-
trol just above the stall («=20°), but some gave within
20 per cent of the assumed satisfactory RC.

4, At an angle of attack of 20° the floating tip
ailerons gave greater control than the standard ailerons,
but less than the short, wide ailerons rigged up 10°
when neutral and operated with an extreme differential
movement,

5. The wings with floating tip ailerons gave no
appreciable adverse yawing moments (body axis),
but gave large favorable ones at high angles of attack.

6. Instability in rolling was not as bad with the
floating tip ailerons as for the standard ailerons, but
was slightly worse at 0° yaw than with plain short,
wide ailerons rigged up 10° when neutral.

7. End plates had relatively small effects.

8. The differences between the results with the
symmetrical and the Clark Y tip ailerons, with the
flaps in each case turned up the optimum amount,
were small. :

9. The tests indicated that the following aileron
arrangements are unsatisfactory because of excessive
flutter.

a. The ailerons of symmetrical section floating
ab the 20 per cent axis location with flaps 0° or up
2°, either with or without end plates.

b. Ailerons unbalanced statically to improve
the general performance.

4839

¢. Ailerons floating independently and controlled
by flaps to give the desired rolling moments.

Lanerey MEMORIAL AERONAUTICAL LLABORATORY,
NaTionan ApvisorY COMMITTEE FOR AERONATUTICS,
LanGLEY FiBLD, VA., February 18, 1932.
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TABLE I

FORCE TESTS. 10 BY 60 INCH CLARK Y WING%’I};{I%}%%’%/I%%ETRICAL TIP AILERONS 100 PER CENT ¢ BY 20

R. N.=609,000; VELOCITY=80 M. P. H.; YAW=0°

1 | 5| = | o & 100 | 122 | 140 16° 17 | 18 | 200 | 220 | 25° | 30° | 40° | &0° 60°
EN AILERONS FLOATING, NEUTRAL—10 PER OENT AXIS
¢ |o°|—o26] —0.053| oos3! 0.238] o.506] 0.820| o.e20| 1o13]| 1o7a| 1.070| L058| 1.040| 0.953| 0.635 1 0.635} 0.616 | 0.568| 0.488
é loo| Lost| .am| e8! .o22| o3| .om| .om| C109) 129 .142| “.1s8| 187 me| .21 .394) .54 | .697| .82
sar |0° 13°] 29| 4o | J12°| —S16°| —18° | —19°| —20°| —20.6° | —a1°| —22°| —28°| —26°| —28°| —30°| —HO°| —b7°
RIGHT AILERON UP—LEFT AILEROK DOWN
cr e 0.035 0.037 0.037 1 0.036 0.037 | 0.037
I . 002 . 005 005 | .005 005 | 005 -
3ar |10° 6° —6° —-10° | —11° —13° | —14°
¢’ e .07 074 L0141 .07 .075 | 075
200 .002 .005 007 | . . .007
sar  [20° 19° 8° 3° 1° LR
cr a3 .103 .091 L0341 .08L o8| .07
C 300 .002 . 004 J004 | .004 03| .
sir  [30° 29° 19° 15°] 13° 12°| 1°
AILERONS FLOATING, NEUTRAL—16 PER OENT AXIS
& |oel—012e| oo32| coss| a2s7| o556| 0.845] o054 Lo43| 1Loss| 1o09t| 1.085| 1.084| 0.982| 0.685( 0.642| 0.620| 0.585 | 0.502
¢ |oo) .om| .oi7| .os| .o22| oa| o3| .os0| 108 .125] .1se| .186| .188| .26} .331| .362| .56y .634( .BJ7
dar | 0° 18° 100 3| Sl l1ee| S14°] —1s°| =160 | 17| —18° |-18.6° |-10.5° | —20° | —21°| —27° | —3r°| —48° | —53°
RIGHT AILERON UP—LEFT AILERON DOWN
¢’ | 0.035 0.037 0.038 | 0.038 0.039 | 0.039{ 0.038 0.035 | 0.024
|10 . . 004 604 | 004 004 | .003] .00 —.004 | —,008
sir |10° —4° -7 —g° —-10°| —12°} -12° —21° | -30°
o e 072 .078 073 .om 073 | .o .08 085 | .od0
G [o0° -co1 003 . -005 L005 [ -005| .002 —.004 | ~.007
sir PoO° 20° b 1° Z1°| =3 - IS S A .
¢’ | .103 .08 .08 .o L0681 .063| .072 L0871 .0TL
Gt [30° . .002 J001| .000 .000 | — 001 | —.002 —.002 | —.000
Sar [80° 20° 16° 15° 14° 13° 11° —5° —12°
AILERONS FLOATING, NEUTRAL—20 PER CENT AXIS
e |el—c1se]| oost| woes! o212| as37| o855 c0e2| Less| L112| nn7f 1.098| 1.084] 0999 0.663 | 0.645 | 0.637  0.603 | 0.52
co || .o 02| .ox| .o25| .os3| .om} . c103| azs| w1 | .iss| o186 | .a1e| .38 .303| .5.9| .702| .837
sir | 0° 21° 1| —rl Jw°| iz | —13° | —ue| =150 | e | 1| =1 | —18° | —18° | —2¢° | —28° [ —36° | —41°| —~40°
RIGHT AILERON UP—LEFT AILERON DOWN
¢’ e 0.038 0.036 0.037 | 0.036 0.037 | 0.037 | 0.038 0.034 | 0.024
G |10° . 003 . 004 .003 | o003 .003| -003| .co0 —.005 | —,005
Sar  I10° 8° —4° —-7° -g° —10° -11° —11° —21° ~31°
cr2° .073 071 L07L{ .07 .o71| .om2| .om L0856 | 040
Ca  [20° .001 .003 J004 | 004 ) 004 | .00 —.005 | —.003
Sir  [20° 20° *° 4 1° | =4 —13° | —22°
cr  |30° .105 .087 .030 | .o7m2 .068| .o64| .07 090 .070
Ca (30° .001 .co3 c002| .60 w001 | -co1| -000 —.001 | ~.010 I
dur  [30° 30° 20° 16° 15° 14° 13° 1° —4° | —15° :
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TABLE II

FORCE TESTS. 10 BY 60 INCH CLARK Y WING %%HC%YNB’%%ETRICAL TIP AILERONS 100 PER CENT ¢ BY 20

R. N.=609,000; VELOCITY=80 M. P. H.; YAW= —20°

« -10° —~6° —8° 0° 5° 10° 12° 14° 18° 17° ig° 20° 22° 25° 80° 40° 50° 60°
34 ATLERONS FLOATIN G, NEUTRAL—10 PER CENT AX18
Cr | 0° -0.237: —0.002| 0.075| 0.228| 0.480 ( 0.748 | 0.837{ 0.912]| 0.972( 0.9 1.014| LQ31| LO011| Q.702| 0.633 | 0.633 | 0.537| 0.490
Cp |0° . 036 L0171 .018| .023) .042| .072| .08G) .100( .110 L1290 140 .176| .218| .385| .387| .533| .68l .804
Ccr | 0° L0091 —001f—.005)|—011f~.017 | — 022 —.034 | — 027 —. 083 | — (BS — 043 | — 082 —. 063 | — 064 | — 042 | — 028 | — 034 | —. 021
oy |0 . 001 L002) .00L| .002) .002 .006| .008{ .008 .010) .012| .014| .024) .0241 .028| .032| .033
4y - - - - - - — - - - - -~ -
. 0° 14° | 1° —4° 7° 11° 16° 18° 21° 22° 23" H° 25° 27° 80° 36° | —48° 57° | —68°
RIGHT AILERON UP—LEFT AILRERON DOWN
cro|° 0.069 0.071 1} 072 0.071 0.089 | 0.007| 0.087 0.040 | 0.029
" |20° —.003 —.000 .001 .000 | —.001 | —.002 —.008 | —. 008
dar |20° e 9° 3° .5° ~.5°| —L&° | —2.5° —5°| —15°

AILERONS FLOATING, NEUTRAL—15 PER CENT AXIS

. 10°|—0.023 0.012| 0.088} 0.232| 0.507| 0.759 | 0.848] 0.928 | (. 9002 Loz 1.032 LO48 | LOI7| Q714] 0.657| 0.643| 0.597 | 0.501
Cp |0° . 037 .017 .017 .022 . 040 . 069 . 034 . 099 116 -.125 172 .214 . 335 . 387 - 538 . 638 811
cY |0° .009 .002 | —.003 | —. 009 | — 015 | — 020 | —. 022 | —.025 | —. 083 | —.037 | — 0~£3 —.064 | —. 065 | —.084 | —.044 | — 030 | —. 026 | —. (24
Cy | 0° . 002 .002 . 002 . 002 -002 - 004 - 005 . 008 . 0038 . 009 .010 013 .015 034 . 024 .028 .032 -035
S4r | O° 17° 7° —2° —4° —g° —14°| —18°| —17°| —18° Z19°| Sg00| —sgo| —gse| loge| sso| lape| ppe| ese

cr |20 |.-. 0.068 0.069 0.070 | 0.067 0.085 | 0.064 | 0.0 0.7 | 0.0

200 —.004 ~. 001 —.00L —.001 | — 003 | — 004 —.008 | —. 008
sy |2 a0 18° 4° 3° 20 1° —2| -1°

) ATLERONS FLOATING, NEUTRAL—20 PER CENT AXIS

Gu |00 -010| 0007} 0071 028 0.804| 0.764| 0.88 | 0845 | 1006 | Loz| Loss) 1ost| L0 0.715 0.655 | 0.637] 0591 0497
Cn loo| e .owr| .o19| .02 .of0| .os8| 082 14| L122| 134 | 1m0 Tew| Tm2, sse| .m5| .es7| .s10
¢’ oo o8| ‘ooo{—008| ol —015|—o010|—0x|-— (025 | — 083 | — 038 | 04t | ~ 060 | — 008 | — 063 — ot | — oo | — 059 | — o2
G |0°] ow2| o02| .o2| .oo2| :oo2| .oo4| -oos| .006| .oo8| .o00f -owo| .o12| .o14| .oa| e8| l0zm| 2| .035
s |0° 16° 8| —1°] =5° | ~10°| 14| Z16°) 17o| —18°| -10°| —20°| —22°| —23°| —2ro! sso| apo| Zbe°| es°

cr | 0.068 Flutter, 0.068 | 0.067 0.085 | 0.064| 0.060| 0.041| 0.032| 0.025

ov [20° —. 006 do ~.001 { .000 .000 | —.002 | —.00¢{ | —.009 | —010| —.

dar |20° 25° do e° 4° 2° 1° 0° 3°| ~20| -10°
TABLE III

ROTATION TESTS. 10 BY 60 INCH CLARK Y WING WITH SYMMETRICAL TIP AILERONS 100 PER CENT ¢ BY
20 PER CENT b/2

R. N.=609,000; VELOCITY =80 M. P. H.; YAW=0°
AILERONS FLOATING AND NEUTRAL

C fs given for forced rotation at %‘,’;—o.os, (-}) alding rotation, (—) damping rotation; %values are for free autorotation

a 0 w | e | owe | s | o1 | 20 | ome | 2 | om0 | 20 | 2] aee 400
10 per cent axls
& | —0.02 | ~0.00 | ~0.017 | —0.04 | ~0.004 0019 oo 0.011 —0.004 | —0.010 | —0.008
52 B“““"“("l"“k"b"){ | coeo! .ies| eis| 10| 01m| emi| .om
(=) Totation (counter- || G | —%| —om| —o8| —om| —ow0 .010 —.001 —.007 | —o008| —.007
). p 143
16 per cent axis
o | —0.024 | —0.021 | —0.010 | —0.016 | ~0.005 0,016 0.008 —0.005 | ~0.011 | —0.000
(+) Rotation (M“E"){ o 005 o] oms| .| ous| oz
(<) Rolation (snntr G |~ | —ow| —ow| —ot3| —oo7 J .o —.00L | —.008| —.007| —.005
ockewise). 2 : asr | g
20 per cent axis
G | —0.025 | —0.021 | —0.018 | —0.018 | —0.008 0,017 0.005 —0.007 | —0.010 | —0.00
(+) Rotatlon (clockwise) { ;—’1'1; 0.165| .165| 0.160| .149 N :
() Rotaton counter G | —oa| —om |~ —0| 007 .ol —.001 —007| —.007] —.005
clockwisa). 2 L1564 .160 140
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TABLE IV

ROTATION TESTS. 10 BY 60 INCH CLARK Y WING WITH SYMMETRICAL TIP AILERONS 100 PER CENT ¢ BY
20 PER CENT b/2

R. N.=609,000; VELOCITY=80 M. P. H.; YAW= —20°
AILERONS FLOATING AND NEUTRAL

C is given for forced rotation at %’—:—0.05, (+) alding rotation, (—) damping rotation

a ' 0° l 12° 14° 16° 18° 20° 5 2° 25° 30° 10°
| .
10 per cent axis
é—; Rotation Ecounta'clockwlse).. ________ l [ —0.011 0. 007 Q.011 0.018 0.028 0.043 0. 061 0.053 0.028 0.016
+) Rotation (clockwise) o —omemmaacceeaaae. o | G —.031 —. 045 —. 048 —.054 —.083 —.073 —.073 —. 062 —. 044 —. 35
15 per cent axis
i—g Rotation ieotmtadockwise)_. ......... 2% —0.014 0. 005 0.009 0.018 0. 026 0.043 0. 061 0. 053 0.032 0.016
+) Rotation (clockwise) .mveeuvomccacamaaot | Gy —.030 —.044 —.048 —.051 —. 060 ~—. 070 —.073 —. 083 —. 043 -
20 per cent axis
§—g Rotation gcounterdockwise)_. ......... G —0.015 0. 004 0. 008 0.015 0.027 0.044 0. 082 0. 054 0.032 0.0156
-+) Rotation (clockwise) . oo oomaem ] C —.031 —.043 —. 048 —. 051 ~. 031 —.070 —.074 —. 062 —. 045 -
-
TABLE V

FORCE TESTS. 10 BY 60 INCH CLARK Y WING WITH SYMMETRICAL TIP AILERONS 100 PER CENT ¢ BY
20 PER CENT b/2

~

R. N.=609,000; VELOCITY=80 M. P. H.; YAW=0°; 16 PER CENT AXIS

a —10° | —5 | = | o 5 10° | we 14° 16° 17° 18° | 2¢0 | 20 | 25° | 300 | 40° 50° 60°
34 ATLERONS FLOATING, NEUTRAL—CIRCULAR END PLATES
. |oe| —0.215]1 oo47] 0.153] 0.305| 0.609| a.885| o.832| 10365 1.102| 1Lo0%0| 1.066| 0988 | 0.925| 0.616| 0.620 | 0.605| 0.540| 0.457
Cp 0° .059 .019 .018 .021 042 L0756 .02 .109 .129 .146 .162 .103 <220 . .390 543 . 701 864
sz | O° 19° 11° | —1o| eo| Z1e°| S18°] 200 | —2°| -0 | —26°| —2°| —20°| — —28° | —30° | —80° | —67°
RIGHT AILERON UP—LEFT AILERON DOWN
e el 0.632 0.030 0.023| 0.030 0.020 ) 0.028| o0.020 0.038 | 0.030
C |10° .001 .002 003 | .003|--._- | .00t .003| .003 —~.002 | —. 004 -
3ir 10° 9° —3° —8°| —10° Z120 | —14° | —16° ~20° { —30° -
c’ | .069 .085 L0641} .083 .063] .06l .03 L0%0 | .076 .
G (20° .001 .005 .008 | .006 L0068 { 005 .004 ~.003 | —.005 -
Sar (20° 20° & 3 0° —1°) —°| - 110 | —20°
cr s . 084 .080 .30 .om 077! .080( .08 .109 ..
" [30° .004 .003 .002 | .co2 002| .003| .04 —.005 | —.011
3ar [30° 20° n° 18° 16° 14° 12° 8° —1° -
AILERONS FLOATING, NEUTRAL—TRIANGULAR END PLATES
o |oo| —0.258] —0.009] cos7| 0.263) 055 | 0.863| 0.956| Lo47| L103| 1088| Lo75| 1.643| 0.960( 0.638| 0.630! 0.620| €.579 | 0.500
Cr |0°]| o5 .o6| .o6{ .020]| . .o/3] .00 | .107| .127| .10 .1s6{ .187| .13 | .314| ,.380| .538| .e04| .828
dar o° 15 7° 0° -5 | —10°| —15° —-17°| —19° —21° —21° —22° | —25°| —24° —22° —20° | —34° —41° -48°
RIGHT AILERON UP—LEFT AILERON DOWK
¢t e 0.032 0.033 0os! oom 0.032| 0.0%3
[ X T .001 .003 L0037 . .003 | .003
Sar 10° a° —4° —9° | —11° —-13° —14°
c'  |a° .069 .089 .05 .084 .062| .061
V|20 .02 .003 -005 | .005 J004 ]| .004
sar  (20° 20° bl »! 1° | -2
¢’ |3 .098 .0%0 5| Loss .03 | .om0
G [a° S004 - 004 2004, .00 co3| .00
Sar  [30° 30° 20° LIt 12| 100
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TABLE VI

FORCE TESTS. 10 BY 60 INCH CLARK Y WING WITH SYMMETRICAL TIP AILERONS 100 PER CENT ¢ BY
20 PER CENT b/2

R. N.=609,000; VELOCITY=80 M. P. H.; YAW= —20°; 15 PER CENT AXIS

@ I -10° -5 -3° 0° 5° T 10° 12° 14° 16° 17° 18° 20° 22° 25° 30° 40° 50° 60°
Sa ATLERONS FLOATING, NEUTRAL—CIRCULAR END PLATES
Cr, 0° | —0.258 0.004 ! 0.123} 0.289 | 0.567 | 0.789 | 0.821 | 0.885 | 0.945 0.9¢0| 0972 0.985] 0.920| 0.634| 0.640| 0.638| 0.582| 0.500
Cp 0 .10 . 034 . 083 . 087 -104 .138 144 .168 .178 .183 .185 . 238 .273 .32 -421 . 367 .24 . 850
c/ 0°( — 004} —.002| — 006 —.013 | —.021 | —.021 ] —.008 | —.008 | —.012) —.016| — 022 | —.037 | —.043 | —.040 | —. 032 | —.017 | —.016 | —.020
Cs 0 . 003 . 004 003 . 003 . 003 . 067 .010 .011 .013 .014 .014 .016 017 -018 .019 . 022 .028 027
Sar O° 10° 5 r -2 =7°| —18°| —15°} —17° | —19° —19° | —20°| —22° | —2°| —2°| 02| Z4g°| Sm80| Zes®
RBRIGHT AILERON UP.—LEFT AILERON DOWN
cr o j20° 0. 051 0.072 0.081 | 0.057 |....--... 0.059 | 0.074| G.073 0.046 | 0.019
v |20 002 - 005 . 004 .062 . 004 .604 N1 3 ——— —.001 | —. 003
Sar |20° 18° 8° 3° r -1° -5° —8° —-9°| —12°
AILERONS FLOATING, NEUTRAL—~TRIANGULAR END PLATES

3 |
CL |0°|—0.248 0.G22{ 0.118} 0.267 | 0.531 | 0.742| 0.822| 0.899 | 0.954 0.975 | 0.988 | 0.980{ 0.942( 0.690 | 0.632| 0.625; 0.591 ' 0.500
Cp |0° .067 . 036 033 .038 .053 .078 .090 <104 .122 .132 .142 177 .07 .33 .384 .520 682 .817
o’ | .000 ] —.004| —.C08 | —.013 | —.018 | —. 0123 | —. 014 | —.016 | —.024 | —.030 | —. 038 | —.067 | —. 059 | —. 063 | —.045 | —. 031 | —. 024 ' —~.023
Gy | 0° .0C4 004 [F1,] -005 . 008 067 .C08 .009 .011 .012 L0138 .015 .016 .02 -02¢ .028 .031 . 034
ar | 0O° 12° 6° r -2° —g° | —18°]| —15°| —17°| —19° =20 | Za1°| Zoge| o | Zsse| s8] 4| ke, —63°

RIGHT AILERON UP.—LEFT AILEROH DOWN
c’ |2° 0.082 0.049 0.046 | 0.045 1. .._.... 0.069 | 0.070} Q.072 ). ...... 0.042 1 0.028
Cw [20° .002 . 007 . 005 . 008 . 002 .000 | —.002 —.C06 | —.007
Sar  [20°|..-- 20° 6° 3° 0° -1° -2° —3° —4° ! —10°
TABLE VII

ROTATION TESTS. 10 BY 60 INCH CLARK Y WING WITH SYMMETRICAL TIP AILERONS 100 PER CENT ¢ BY
20 PER CENT b/2

R. N.=609,000; VELOCITY=80 M. P. H.; YAW=0°
ATLERONS FLOATING AND NEUTRAL—16 PER CENT AXIS

Ch Is glven for forced rotation at %-0,0@ () aiding rotation, (—) damping rotation; ’2—"5 values are for free rotation

P o | 12° 14° 16° 18° 19° 20° l 21° l 22° 2° 24° 25° 30° i@0°
TEIANGULAR END PLATES
o Y . e
| G —=0.021 1—0.033) —-0.017 (—0.014 |—0.002 |.______.. J 0.015 ool 0.008 |- —0.001 |—0.002 {—0.010 | —0.007
(+) Rotation (clockwise).! 1;_’% 0200  .205 | .208 0.207 | .048 | .04
(-c} Rotation (counter- I & |-o0 | —o7 | —o6 | —o13 | =007 |ooonero. ‘ 025 | .007 | .008 .008 | —002 | —007 | —.008
ockwize) b : A 1 210 | L2 el L1337 .12 | 120
l v | ] |
CIBRCULAR END FPLATES
{
Oy [—0.023 [—0.021 [—0.018 |—0.018 | 0002 | 0.008 | 0.014 | 0.O11 | 0.005 [—oo_—. '—0.001 |—0.003 [—0.012 | —0.011
(+) Rotation (clockwise).| ;;’% L8 | o.205 | .27 | .201 | .198 | 0.0%0 { Y
(-% Rotatlon (counter- [[ ¢y | —.021 | —.017 | —014 | —o008 | —002 | .002 | .o17 | .o08 | .o08 [cooco___. | w007 | —om | 008 | —.007
clockwise) Fod] .181 . 219 194 . 156 .118 .118 -
v :
TABLE VIII

ROTATION TESTS. 10 BY 60 INCH CLARK Y WING WITH SYMMETRICAL TIP AILERONS 100 PER CENT c
BY 20 PER CENT b/2

R. N.=609,000; VELOCITY=80 M. P. H.; YAW= —20°
ATLERONS FLOATING AND NEUTRAL—15 PER CENT AXIS

O Is given for forced rotation at —0 05, () alding rotation, (—) damping rotation

|a|0°|5°|s°]9°|12°|14°|m°|13°!2o°|22°|23°;25°|30°|4o=

TRIANGULAR END PLATES

(—‘3 Rotation (counter-
) . [ ~0.010 —0. 002 0. 003 0.010 0. 024 0.041 Q. 062 0. 057 0.047 0.028 0.017
(+) Rotatlon (clockwise)] O —. 033 - —. 087 | —.041| —.047) —.057| —.087| —. 078} —. 069 | —.063| —OM5| —. 034

CIRCULAR END FLATES

(—) Rotation (connter-
[10):q 100 ) D [ —0.% 0.

0.005 | —0.008 | —0.008 | —0Q. 006 Q. 000 Q. 009 0. 034 Q. 042 0. 047 0. 041 0.014 0. 007
(+) Rotatlon (clockwise).|

— 023 —04| —027] —031| —030| —O0R2| — 040 — 01| —.034| — 02

88
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TABLE IX

FORCE TESTS. 10 BY 60 INCH CLARK Y WING WITH SYMMETRICAL TIP AILERONS 100 PER CENT ¢ BY 20
’ PER CENT b/2; FLAPS UP

R. N.=609,000; VELOCITY=80 M. P. H.; YAW=0°

« —100 | -5 | =3 | oo | s [ 10° | 1220 | 140 | 16° | wo | 180 | 20° | 20 | 2860 | 300 | 400 | s° | e0°
3 AILERONS FLOATING, NEUTRAL—10 PER OENT AXIS8
¢ || —0221]| ooxr| 00| o267 as71| osse| eo57| Loso]| Loswo| Losz| noro| Loww|.oos7| 06| oess| e | 0575 | 0500
¢ |oo| .oez| o8| .om| .oz .os| .ora| .est| .mx| 12| Ti1a7| Laen| | .am| s3] 400 .s63[ .607| .833
a” 00 170 ' .7; lﬂ _60 _10—0 _150 _160 _180 _180 _190 __mo _210 _mo _z;o _mo _%0 ,_480 ,_500
RIGHT A.H.BB&N UP—LEFT AILEEON DOWN
o e l 0.035 0.038 .03 0.038 0.037| 0.035| 0.038 | 0.034| 0.0%
W [10° | .001 . 003 . 004 . 004 .003| .002| —.003 | —.005 | —. 008
sy 10° ] 9° —4° —8° i1e l1° | lie | Z1re | ~2ge | —a0°
cf 200 .o .08 .07 070 .o0| .o3| .o68| .o85! .01
200 —lo01 L003 L 004 L 005 1005 .002 | —. 006 | — 005 | — 008
air iw 20° 7° 1° — —4°| o) —go| 13| —g°
o’ e .100 .086 080 .o .066| .075| .086| .087| .o71
G l30° .000 001 002 .00L —.001 | ~.008 | —. 004 | ~.003 | —, 008
by 2° 17° 14° 11° 10°] & 8° 0°| —e°| —10°
AILERONS FLOATING, NEUTRAL—15 PER CENT AXIS
oo |o°|—01e3| coss| 0.106| a2es| os74| o8| avm| 1062| Lus| L100| Los2| Loes| o975 | a7oo| o.6s0| ae3s| 0.500| 0.502
Co |oo| ou| o Lo Loar| Lom| Lom| Low| 08| 1| Cue| Cleo| L100| L20f Lam| 3| Lok 702 .80
aar |Oo}  are B op| —to| —eof —age| —we| —we| —we| g6t | —we| —wee) —ae) —10°f k0| 30| —a2° ) -0
RIGHT AILERON UP—LEFT AILERON DOWN
of  |we 0.034 0.037 0.037 0.037 0.057 | 0026 0.038 | o034 0025 .
s |ioe . 000 .02 . 002 . 002 00z | 000! —. 005 | — 005 | —. 007
sar  J10° 10° 2 —6° ge Zne| Zie| <180 | 190 [ —g200
or |ow° .02 .07 072 .07 2| .o 065 | .049
2 200 ~000 o0 003 L0038 003! -000| — 008 | — 007 | — 000
sar  [20° 21° 8° 3° 0° —8°| 3| —po| —1z°| —=:°
of  |s0° .13 .083 .05 . 068 or| Lom! . .s1l .o
G [30° ~000 — 001 —. 001 —.001 —002 | — 00 —.008 | — 007 | =011 |ooooeeeteeaeen.
sir  [30° 30° 20° 17° 15° 13°| 120 g —2of =110 ”
ATLERONS FLOATING, NEUTRAL—20 PER OENT AXIS
Co (00| _proff O-110f 02304 0251 g 575| ases! Looo| 1.0s8| L1%0| Li2o| Lo Loes| aess| 0.713| a.66 | 0.645| 0.605| 0.620
Co |0°| ol -OM| 0By -EI ou| .om| .os0| .105| .120| .13[ .18 .189| .220| .331| .402| .862| .707| .840
Sar [ 0° 240 0o 2 —eo| —oof —v°| —w0°| —me| —me| —me| ~me| —me| 1| —17°| -0 | —32°| —38°| —d6°
RIGHAT AILERON UP—] AILERON DOWN
cr hoe 0.035 0 38 | 0. 0.0 0.03| o.oss| 0.035| 0.0s3] o.0u
i
v |0° —.001 . 001 . 001 - 001 .000 | — 002 | —. 008 | — 005 | —. 007
sar  |i0® 11° —1° —s° —8° 70| | Z1z°| —1ee{ —28°
or joe .07 .070 .o | .omm| .oes| .os4| .08
G [0 Lot -0 003 | — 000 | — 007 | — 006 | — 010
Ly 200 21° 1° 20| o | —go| —1z°| Z20°
of e .10 .088 078 .70 00} .o74| o] . .06
C J30° Lol ~001 >000 2000 000 | —. 003 | — 006 | — 007 [ — 011
sir  [30° 30° 21° 18° 16° e | 1z 5° 0°| “e°
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TABLE X

FORCE TESTS. 10 BY 60 INCH CLARK Y WING WITH SYMMETRICAL TIP AILERONS 100 PER CENT ¢ BY 20
PER CENT b/2; FLAPS UP

R. N.=609,000; VELOCITY=80 M. P. H.; YAW= —20°

-] -10° -5 ~3° 0° 5° 10° 12° 14° 16° 17 18° 20° 22° 25° 30° 40° 50° 60°
3a AILERONS FLOATING, NEUTRAL—10 PER CENT AXIS
Cy, 0° | —0.217 0.022| 0.108| 0.249| 0.518 | 0.765 0.860 0.927 | 0.904 1.007 | 1.019{ 1.045] 1009 | C.715| 0.662| 0.638 | 0.500 | 0.405
Cp |0° .034 .018 .017 .22 .04 -071 .104 120 .129 .141 17910 L2190 .336 .388 . 538 -638 -804
cr |0 .009 L0031 —.002{ —.000 ) —.015 | —.021 | — 023 —.027 | —.036| —.030| —.045] —. 085 | —. 066 | —. 074 | —.044 | —. 020 | —.025 | —. 022
Cy | 0° .001 .001 . 001 -001 .002 .003 . 004 . 006 . 008 .010 -011 .012 .014 024 025 .27 .032 <034
Sir | 0° 13° 5 1° 5| S100] S16°| 180 | S| a0 Zo10 | oo | Sowe| Z2se| Zso°| 350 | 40| 55| Zep°
RIGHT AILERON UP—LEFT AILERON DOWN
CcY |2° 0.063 0.069 0.072 0,066 0.082 | 0.066) 0.041( 0.039:! 0.028
Cv |20° —. 003 —.G08 —.014 | —. 021 —.002 | —.004 | —.007 { —.008 | —.007

Sar |20° n° Kid 2° 0° 0° -2 —3° —5° | —14°

ATLERONS FLOATING, NEUTRAL—15 PER CENT AXIS

Cr | 0°| —0.204 0.041 | 0.118 | 0.255{ 0.518 | 0.777 | 0.863 | 0.944 | 1.008 1025 1.039 | 1.050| 1.000| 0.722 | 0.650 0.% 0.602 | 0.497

Cp 0° 034 017 .018 .021 . 040 .070 084 .100 .18 .139 177 .219 .338 . 389 . . 681 .807
cr 0° .010 004 | ~.002| —. 0080 | —. 015 —. 019 | —. 022 | — 026 | —. 034 | — 039 —. 047 | —.060 [ —.067 | —.076 | —.0i4 | —. 030 | —. 028 | —. 028
W | 0° . 000 .001 .001 . 001 .002 003 . 005 0061 .008 .010 .010 .013 L0156 .023 024 .026 .031 .033
dar | 0° 16° 8° 2° —4°% | —=10°| -15°} —17°| -—18°{ —20° -21°| —22°| —28°| —25°| —~28°| —33°| —46°| —B5°| —62°
RIGHT AILERON UP—LEFT AILERON DOWN
cr |20° 0. 085 0.069 0.659 0. 062 0.0621 0.05| 0039 0.034| 0.027
Ca’  |20° —.005 —. 004 —003 —.003 —.004 | —.008 | —.009 | —. 008 { —. 009
34r [20° 25° 12° &° 4° 3° 1° 0° —3° -g°
AILERONS FLOATING, NEUTRAL—20 PER CENT AXIS
CL 0° { —0.200 0.050| 0118 0257 | 0.524| 0.7/9| 0.879| 0.952] 1.005 1.033 | 1.050 | 1.054| 1.017| 0.719 | 0.855| 0.826 | 0.591 | 0.503
Cp 0° .03 .018 .018 021 .039 . 069 .082 .097 L1168 124 .138 .173 . .336 .360 537 . 692 .812
[¢/3 0° .010 005 | —~ 001} —. 000 —.013 | —.018] —. 021 | —. (25} —. 033 | —.087| —. —.06¢ ) —.086 | —.076 | —. 046 | —.030 | — 028 | —. 27
o 0° . 003 01 . 001 .001 .002 . . 065 008 .010 010 .012 015 024 .025 .028 .031 .035
Sar (i e 10° 2° —. — —18° | —14°| —16°{ —18° —18° | —19°| —20°| —23° | —27° —45° | — —61°
RIGHT AILEROR UP—LEFT AILERON DOWN
cr  20° 0.085 0. 087 0. 062 0.062 | 0.056| 0.040| 0.032| 0.023
Cy e .003 —. 001 —.001 —.004 | —. 008 | —.610 | —. 008 | —. 008
Sar |20° 25° 4° 2° ’ 3° 1° 4° 0| —-10°
TABLE X1

ROTATION TESTS. 10 BY 60 INGH CLARK Y WING WITH SYMMETRICAL TIP AILERONS 100 PER CENT ¢
BY 20 PER CENT b/2; FLAPS UP 2

R. N.=609,000; VELOCITY=80 M. P. H.; YAW=0°
ATILERONS FLOATING AND NEUTRAL
Q) I8 glven for forced rotation at gug-ﬂm (+) aiding rotation, (—) damping rotation; % values are for free autorotation

« o | | u | w | || a2z e |w ||| |
10 per cent axis
i
G (—0.022 [—0.010 |—0.017 |—0.014 |~0.002 0.04 0.018 —0.013 —0.010 |—0. 008
(4) Rotation (clock- {fl—fr 0108 .120|0.10| .149 | 0165
o | —om| 07| -0 —o03|—0m —.020 .004 .005 —.00¢ | —.006
(el n {coun-
() Sotatlon ¢ {2" 167 | .061 .072 | 0.063 | 0.060 | 0.082
15 per cent axis
lr o |~0.022 |—0.020 }—0.018 |0 013 {—0.001 |.. 0.014 0.018 —0.018 —0.000 |~0.007
(+v)mpe.£muon (clock- {2" 0.115{ .121[0.140| .154 | 0174
a | -o0|—07| -0 —018| 007 —.029 003 004 —.004 | —.008
—) Rotation (coun-
(&mwkeﬁse)(, {2" .06 | .os0 | .07 | 0.07 0.050 | 0.030
20 per cent axis .
¢ |—0.022 [~0.020 |—0.018 [~0.014 | 0.000 0.015 0.020 —0.010 —0.008 |—0.005
¢+) Botatlon (dlock- { s o118 .120|0.140 | .160 | 0.180
(=) Rotation (cous || G | —-021| =017 | —o16 | —oua | —o06 —.020 .000 .003 —.004 | —. 008
terelookowise). {2" 038 | 040 .08 |00m 0,060 | 0.034 | 0.035
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TABLE XI1

ROTATION TESTS. 10 BY 60 INCH CLARK Y WING WITH SYMMETRICAL TIP AILERONS 100 PER CENT ¢
BY 20 PER CENT b/2; FLAPS UP 2°

R. N.=609,000; VELOCITY=80 M. P. H.; YAW= —20°
ATLERONS FLOATING AND NEUTRAL

Q) is given for forced rotation at‘;—lg—o.w, () aiding rotation, (~) damping rotation

@ 0° 12° 14° 16° 18° 20° 22° 25° 30° 40°

10 per cent axis

E—} Rotation éeountem]ockwise)- G ~—0.014 0.007 0.011 0.018 0.028 0.045 0. 064 0. 052 0.029 0.017

+) Rotation (clockwise).omeeee-- Gy —.029 —.043 —. 048 —.053 —. 062 —~.071 —. 068 —. 060 —.043 -, 034
15 per cent axis

§—g Rotation écounterclockwlsa)_ --------- [, —0.016 0. 005 0.010 0.017 0.028 0. 045 0.061 0. 053 0. 030 0.018

-+) Rotation (clockwise) oo uuee ool Cx —.028 —.043 ~—.046 —. 051 —. 061 —.070 —. 068 —. 061 —.044 —. 034
20 per cent axis

%-—-g Rotation geounterdockwise) ___________ Cx —0.017 | 0.0 Q. 009 0.013 0.027 0.046 066 0.053 0.031 0.017

) Rotation (clockwise) . —caecuooeeea Cx —. 031 —. 042 —. 045 —. 050 —. 060 —. 069 083 —.061 - —. 033

TABLE XIII

FORCE TESTS. 10 BY 60 INCH CLARK Y WING WITH SYMMETRICAL TIP AILERONS 100 PER CENT ¢
BY 20 PER CENT b/2; FLAPS UP 2°, TRIANGULAR END PLATES

R. N.=600,000; VELOCITY=380 M. P. H.; YAW=0°

« —10° s | =3 | o 5 [ 100 | 122 | o | 16° | 7o | 180 | 200 | 20 | 25° | 300 | 400 | s0° | o0°
N ATLERONS FLOATING, NEUTRAL—10 PER CENT AXIS
G |go)—oze) 07| ols) 0.310) 0.0l | 08| 0078 ) L08| 1035\ L0s| L0 | Lo 09u| 07| o.6@| 0.0 0.572| 0.41
Co |0°o] om| .o15| .ot7} .o2z1| .o41{ .o76{ .09¢) 11| .132| .149] .164| .194| .222| .317] .408 607 | .837
sy |0O° 16° 9° g 2| U] ol | T e | 23| 28| o3| | 23R | 0| 90| oS0 9| -BP
RIGHT AILERON UP—LEFT AILERON DOWN

o e 0.032 0.033 0.031 0.031 0.031| 0.028| 0.024| 0.011| 0034

G o0 1 -003 . 003 . 003 003 | .003| .002|—. 007 | —. 006

sir 100 10° “se “ge Z1e Zize | Zlieo | 2160 | —20° | —26°

cr |20° .067 .065 .062 .060 009| .063| .080| .o73| .00

e ~000 004 ~o04 S004 2003 | 001 —005|—.000|— 003

sar |20° 20° g° 4] —1° —4°] —po| s —13°] —are|IF =
cf (300 096 .0s8 .083 .082 .o87| .oso| .oo8] .oes| .om4

Cr e 001 S002 -003 S0z 2002 | —o01 | — o002 | — 008 | — 008

sir [30° 30° 20° 16° 13° 10° 9o 3| oo | Z11°

AILERONS FLOATING, NEUTRAL—I5 PER OENT AXIS

Cr |0°]—0.217 00521 0.168| Q.313] 0.618]| 0.905; L1002 LOS3| 1125 L114| L0988 | 1.055]| 0.968| 0.690| 0.640| 0.627 | 0.885| 0.500
Op 0° .05 .019 .017 .02 .040 .073 . 089 .109 . 130 144 . 160 . 190 .218 .33 .302 . 560 04 837
dar | 0° i8° 13° 8° —1° —6°| ~1°| —13°| —16°| —17° —18°1 —18°| —21°| -—21°| —20°| —27°( —33°| —30°| —47°

cY |10°. ! 0.033 0.034 0.032 0.032 a019| 0031 0027 0.038| 0.027

G 100! ! . 000 . 001 .002 . 003 .002] .00l | —.004 | — —. 007

v (10° | 1° —3° —7° —10° —12°| —13°| —14°| —19°| —28°

cr 20 ' .089 . 067 . 082 . 060 059 059 | .o065 072 050

Gy [20° . 000 . 003 .003 .003 .002| .001| —.008] —.008 | —. 009

Zar [20° 20° i 3° 0° —3°| —5°{ -—8°| —-11°| —20°

CY Ro° 098 .087 .30 017 072 .o82] .o09t| .007| .om

Co’ po°! .002 .002 .002 002 .000 | — 003 [ — 005 | —.010 | —. 011 |oemeeeo]amaaaae-s

ar [30° { 29° 19° 15° 13° i1° 10° 3° 00| =10° oo feaeaee

AILERONS FLOATING, NEUTRAL—20 PER CENT AXIS

Cr |0°f—0.197] 0.100 ‘1% 0.3% | 0.675| 0.048| Lo45| 1.123| L1158, L160( L140| 1098 0.999( 703 | 0.643] 0.638 | 0.602( 0.520

Cp |0° .048 L0 :ﬁ .024| .042| .o76| .0%0| .108F .130 45| 160 .101) .222( .326| .400} .652) .712| .843

ur | O° 21° 16° _% 9°o| —1°| —°f —g°| —10°) —13°| —13°]| —18°| —15°| —16°| —17°| ~—28°| —30°| —35°| —4d4°

RIGHT AILERON UP—LEFT AILERON DOWN

oy |10 0.032 0.033 0.033 0.030 0.023} 0.030| 0.031| 0.036| 0.025

G |10° . 000 . 001 . 001 . 001 L00L | .000| — 005 | —.000 | —.006 {-aceemacfomeeanaa-

3ar |10° 13° 0° —40 —7° —11°}| —12°| —14°| —18°| —25°

cr 120° .070 . 058 . 061 068 .066| .071| .o0%0

G j20° . 000 . 003 .002{ .002] —.008| —. 008 | —. 000

3ar [20° 21° 0° —20| —°o| —5°| —10°| —19°

C  130° 038 .089 .083 .079 .04 .079| .088| .04 .073

G’ 130° . 008 004 . . 005 .003| .000| —004| —.011|— 013 .
L odar PO° 28° 18° 18° 13° 11° 10° 4° 10| —8°
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TABLE XIV

10 BY 60 INCH CLARK Y WING WITH SYMMETRICAL TIP AILERONS 100 PER
20 PER CENT b/2; FLAPS UP 2°, TRIANGULAR END PLATES

R. N.=609,000; VELOCITY=80 M. P. H.; YAW= —20°

497

CENT ¢ BY

a ~10° —-5° -3° 0° 5° 10° 12° 14° 16° 17° 18° a° [ 22° 25° 30° ! 40° 50° 60°
34 AILERONS FLOATING NEUTRAL—10 PER CENT AXIS
h T
¢, |0°| —0228| o033 0133 028t] 0.536] 0.744 | 0.820| 0.899! 0.950| 0.970| 0.973| 0.848| 0.785| C.748 | 0.622, 0.618 0.578 | 0.406
Cp (0° .0568 .37 .038. .037| .058| .o077| .08 .109] .128 L1381 L147 18] .1e7| .328| .382| .630| .e%0| .807
¢/ {o0°| —.001| —.003] —.008!—.012]|—.018| —.C12| —.015| —.010 ] —.028 | —. ~.040 | —.059 { —.070 | —.070 | —.038 | —.020 | —.023 | — 02
Ca' | 0° . 004 004f 005 .005| .008| .007} .003) .010| .012 L013) .014] .013| .o18f .007) .020' .025| .020| .032
Sur | 0° 12° b ®| -l —g°| —13°| —18°| —17°| —19°| -—20°) —22°| —25°| —27°| —83° -—37°; —47° | -8 | —64°
RIGHT AILERON UP—LEFT AILERON DOWN
cr [0 0.056 0.045 0.056 0.047 0.075| 0.074 | 0.082| 0.043 | 0.028
Cy |20° . 000 —.005 . . 005 L0021 —.00L | .003|—.005| —.008
Sup  [20° 20° 5° 1° —2° —4° 1 —3°| —4°| —6°| —12°
ATLERONS FLOATING, NEUTRAL—15 PER CENT AXIS
¢ |0°]—0.245] 0.037| 0.138] 0.284| 0.545| 0.760| 0.848} 0.918 | 0.985| 0.984) 0.006( 0.82| 0.745| .600] 0.627 | 0.622 | 0.533| 0.498
Cp |0° . 035 .o35f .038| .058| .o75| .089| .016( .128 L1323 | L1431 L2490 .289) .334| .385| .832| .e17| .812
cy |0 —.003 | —.005| —.011{ —.017 | —.010 | —. 018 | —. 017 | —. 025 | —.030 | —. 037 { —.063 | —. 061 { —.078 | —.044 | —. 030 | —. 024 | —. 024
Cy |0 —.001 L004| .005| .005} . 007 .008| .009| .012 013 .014) .o16f .0017f .022| .o22{ .025| .030| .033
ar | O° 11° bl 3° —1°| =7°| —11°| —13°| —-15°| —17° —18° | —~19° | —22°| —25°| —32°| —37°| —47°| —-56°| —62°
RIGHT AILERON UP—LEFT AILERON DOWN
oY 120° 0.060 0.048 0.044 0.043 071 0071 | 0.051] 0.041} 0.027
Cw  120° .000 . 008 . 004 .Co5 .00C | —.004 ] —.003 | —. 005 | —. 007
Sar 120° 21° 6° 7 —2° | —20| —2°] —2°0 5| —¢°
ATLERONS FLOATING, NEUTRAL—20 PER CENT AXIS
¢, |oo| —o0.245] o0.048] 0.156] 0.280| @.552| 0.803| 0.864 | 0.938| 0.980| 1.013| L.014| 1.006| 0.063| 0.672] 0.630| 0.618 | 0.585 | 0.560
Cp |0O° . 057 L0381 .m8| .038| .054 0s1| .000| .104]| .120 . .12 175 .219| .335| .300| .534| .688) .815
¢ |ee| —o01| —002]| —. 08| —.010| —.015] — 016 | —.008 | —.012| —. 020 | —.024; —.032 | —.048 | —. 052 ] —. 080 | —.048 | —.030 | —. 024 | —. 024
W | 0° .002 .003| .004| .o05| .008| .007| .007| .009| .01l .012 014 .o15| .o17| .023| .024| .028) .031| .033
3ar [O° 11° 8° 8° 3°| —¢°| —1°| —11°] —12°| —14°| ~—14°| —18°| —18°| —19°| —32°| —37°| —48° ' —5T°| —62°
RIGHT AILEROX UP—LEFT AILERON DOWN
cr 20° 0.058 0.050 0.038 0.058 0.059 | 0.¢60| 0.054| 0.038| 0.025
Y |00 —. 005 .006 .06 .003 .000 | —.005 | — 004 | —.008 | —
Sar |20° 24° 6° 2° —2° —-2° - —2° —5° | —10°
TABLE XV

ROTATION TESTS. 10 BY 60 INCH CLARK Y WING WITH SYMMETRICAL TIP ATLERONS 100 PER CENT ¢ BY

R. N.=609,000; VELOCITY=80 M. P. H.; YAW=0°
AILERONS FLOATING AND NEUTRAL
O, I8 given for forced rotation at %’}naw, (+) alding rotation, (—) damping rotation; f—;t,' values are for {ree autorotation

20 PER CENT b/2; WITH FLAPS UP 2°, TRIANGULAR END PLATES

« 0° 12° 14° 16° 18 | 190 | 200 | 210 | 20 | 28° | 240 | 25° | 26° | 27° | ° | 30° 40°
10 per cent axis
(4. Rofation (dock-| G |—0-02t |-0.018 |-0.017 |~0.013 | 0.000 0.018 0.022 —0.008 —~0.609 | —0.007
Wwiso). gb 0000 0138| .150] 0106 .216 | 0.281
(=) Rotatlon (counter- || Gy | —-019 | —018 | —o18 | —o1¢ | —.007 -1 .003 .008 —007| —.007
clockwise). Z’;’Vb 234 ..208| .163| .18 | 0114 0.006 0.39
15 per cent axis
1 (b Rotation (clock- || & |02t [-0.018 |—a.0r7 |~0.013 | 0.000 0.018 0.020 —0.010 —0.000 | —0.007
wisa). g-"-’j a3 | aes| w0 |oss| .25 020
(=) Rotation (counter- || Gb | =020 [=-017 | —.016 | —.013 | —. 008 -1 . 006 .007 —.005| —.003
clockwise). 9" 225 | 208 w9 109 0am 0.088 0.038
20 per cent axis
(4. Rotatlon (clock- || Gt |~0.028 [~0.018 |—~0.017 |~0.018 | 0.002 0.016 0.019 -0 011 —0.008 | —0.008
wisa). g—fg co2|ose| .1st|o1rs]| .2
| (= Rotatton(counter- || G | =021 | =010 | —o17 | —0i2| —. 008 —.630 . 005 .00 ! —00t| —.008
clockwie). % o0t | L1090 0202 [eeee .. .08 | 0.081 | 0077 | 0.035
|
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TABLE XVI

ROTATION TESTS. 10 BY 60 INCH CLARK Y WING WITH SYMMETRICAL TIP AILERONS 100 PER CENT ¢ BY
20 PER CENT b/2; FLAPS UP 2°, TRIANGULAR END PLATES

R. N.=609,000; VELOCITY=80 M. P. H.; YAW= —20°
AILERONS FLOATING AND NEUTRAL

Ca is given for forced rotation at %—0.05, () aiding rotation, (—) damping rotation

a 0° 13° 14° 16° 18° 20° 22° 25° 30° 40°
10 per cont axis
é—; Rotatlon geoumemlockwisa)__ ______ (%% —0,011 —0.001 0. 004 0,012 0,028 0.043 0, 057 0.048 0.028 0,018
-} Rotation (clockwise) aemeemomammmaa. G —. 034 —~.037 —. 041 —. 048 —. 056 —. 064 —.073 —. 064 —. 045 -, 038
15 per cent axis
g—g Rotation Eeounterdockwlse).._._..__ G —0.012 —0. 005 0. 000 Q. 007 0,021 0,037 0,061 0, 046 0.0327 0.017
) Rotation (clockwiss) coeeeevaeeen -l a —.033 —. 034 —. 038 —. 043 —.052 —. 061 —. 069 —.062 —. 045 -, 038
20 per cent axis
E—; Rotatlon Eoomta’cloekwise)... ....... a —0,015 —0.008 —0.004 0. 003 0.017 0.033 0,056 0, 057 0.032 0,010
-+) Rotation (clockwise) o oo cmeeaao.. [0 —. 031 —. 030 —. 033 —.037 —.046 —. 058 —. 067 -, 066 —. 048 —
TABLE XVII

FORCE TESTS. 10 BY 60 INCH CLARK Y WING WITH CLARK Y TIP AILERONS 100 PER CENT ¢ BY 20 PER
CENT b/2; FLAPS UP 11°

R. N.=609,000; VELOCITY= 80 M. P. H.; YAW=0°

« -10° -5 -3° 0° 5° 10° 12° M4° | 16° 17° 18° 20° 22° | .25° 30° 40° 50° 60°
N AILERONS FLOATING, NEUTRAL—10 PER CENT AXIS
C (0°f—0.23| 0025| 0.135) 0.974| 0.572| 0.859| 0.970| 1.052| 1.093| 1091 1.078| 1044 | 0.050| 0.688 | 0.650 | 0.631 | 0.533| 0.488
Co (0| .osm| o7y .o17| .o22| .od2| .o7vs| .om| ;1 L1 J146 | 162 L1023 f .23 | .326| .402| .685| .704 | .830
ur | O° 18° §° 20| —6*| —n°| —16°| —18°] —17°| —19°| -—20°| —20°| —21°] —22°| —22°| —28°| —37°| —40°| —54°
RIGHT AILEEQON UP—LEFT AILERON DOWN
cr |10° 0.034 0.037 0.039 0.037 0.036 | 0.034] 0.035| 0.038]{ 0.025
G j10° 001 .003 . 004 . 004 003 ( .002|—.003|—~.008|—.007
sar 10° %° —4° g —10° “11° | —13° | —<16° | —10° | —20°
c’ (e .070 077 077 .076 L0755 .074| .om7| .065| .048
G |o° .00L .005 007 008 .007| .005| —.001 [ —. 005 | — 007
Sar |20° 21° 8° 4° 1° —-2° —4° =7 -1 21°
cr e .099 .18 .103 007 .089| .o86| .101| .o87| .067
G [30° —. 003 .004 L0068 .008 .009 | .008| —.001 | —. 003 | —. 000
dar [30° 34° 22° 18° 16° 13° 10° o 2° —-g°
ATLERONS FLOATING, NEUTRAL—15 PER CENT AXIS
C. |0°]|—0208] 0.063| 0.096| 0.261| 0.574 | 0.8572| 0.9/8| 1oa2| 1.118| 1000 1.085| 1.055] 0.973| 0.608 | 0.651 | 0.636 | 0.587 | 0.5603
Cr |0° L0441 Low9| o8| .oz | .o .o77| .oe2| .100| l131 L1480 .162| 104 | .22 | .330| .402| .850| .710| .841
dar | O° 20° 10° —2° —6°{ —11°| —~18°| —18°| -—16°| —18° —19° | —19°| —20°| —20°| —21°| —28°| —36°| —43°| ~61°
RIGHT AILERON UP—LEFT AILERON DOWN

cr e 0.035 0.037 0.038 0.038 037! 0.036 63| 0037 0.055

100 . 000 .02 . 003 . 003 .002| .000|—.003|~.008]—.007 |- - T T|LIiIllie
sar |10° 9° —4° —r —g° “11° | —12° | —14°( —20° | —20°
o |20° .071 .076 077 .075 05| .om3| .o78] .065| .047

e [200 -000 . . 005 .008 .008 | .004| —.c02 | —.C08 | —
sar |20° 22° 10° 5° 7° 0] —2°| —e°| —11°| —20° -
cr e .100 85 .083 L081 oml{ 02N Lom | Los8| 008
A1 —.003 .001 .002 .003 .003| .002| ~.063 | —.001 | —.008
3ar [30° 3° 23° 19° 16° 13° 11° | —=1°| ~10°

ATLERONS FLOATING, NEUTRAL—20 PER CENT AXIS )
¢ (0°|—0173| 0109 0.222| 0.237| o0.564| 0.883| 1.003| 1.008| 1.120| 1128| 1112 1.086| 1.003| 0.712| 0657 c.644 | 0.c08| 0.514
Cor |O° 06| o24| .o22| .o23| .o42| .om| .o80| 108| .131 C145 | 182 t1en| L224 | .387| 407 .ge0| .71 | .84z
sar | 0O° 22° 16° 4°| —¢°| —m°| —13°| —14°| —18°| —16°| —17°| —18°| —18°| —18°| —20°| —28°| —38° | —40°| —40°
RIGHT AILERON UP—LEFT AILERON DOWN

¢t hoe 0.034 0.036 0.037 0.037 0.038 | 0.036] 0.035 0.035| 0.024 ,
W 10° .000 .002 . 002 .001 2000 | —.002 | —.005 | —.008 | — 007
3ar [10° 9° —3° e —g° —10° | —10° | —1a° | —20° | —20°
cf i 071 .075 .C74 .075 076 .069| .om8| .os4| .047
Cal  120° —.001 -003 . . J004 | .003 | —.002 [ —. 008 | —.G0S
aar l20° 2° 10° 0| —1°| —=6°| —11°| -21°
cf  30° ; 102 085 .C83 .08 .o72| .o57| .00t | .0%6| .oe8
C’ [30° —. 008 - G01 002 001 2001 | .002 | —.004 | — 001 [ —.007
dar 30° 32° 21° 17° 14° 12° n° 8° —2°] -10° .
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- TABLE XVIII

FORCE TESTS. 10 BY 60 INCH CLARK Y WING WITH CLARK Y TIP ATLERONS 100 PER CENT ¢ BY 20 PER
CENT b/2; FLAPS UP 11°

R. N.=609,000; VELOCITY=80 M. P. H.; YAW= —20° .

a —10° —5° —3° 0° 5° 10° 12° 4° 16° 17° 18° 20° 22° 25° 30° 40° 50° 60°
84 ATLERONS FLOATING, NEUTRAL~10 PER CENT AXIS
CL 0° | —0.209 0.034| 0.128} 0.254( 0.512( 0.761 | 0.858 | 0.920 | 0.984 L003) L016| 1038} LO32| Q751{ 0.670| 0.630| 0Q.592] 0.503
Cp |0° . 035 .021 .019 . 022 .04l .071 .038 .100 .18 .17 . 137 .178 .218 .340 .408 546 . 697 .817
cY |0° . 010 2004 | ~.000| — 007 | — 016 | —.022| —. 025 | —. 020 | — 033 ~, 040 | —. 046 | —. 080 | —.088| —. 085 | —. 046 | —. 031 | —. 026 | —. 025
W | 0° . 001 . 002 . 001 . 002 . 002 . 004 . 005 - 008 .010 .010 .012 . 015 . 024 . 028 .028 .31 034
sar | 0° 19° 11° 7° —-2° —9° | —14°| —18°| ~—17° —19° —19°| —20°| —23°| —H°| —27°| —33°; —44°| —48°| -—&8°

RIGHT AILERON UP—LEFT AILERON DOWNR

c¢ (200 0. 069 0.071 0.071: 0.071 0.085| 0.060| 0.043| 0.038! 0.028

W [20° —. 001 .000 .000 —. 001 —.002 | —.002 | —.005| — 008 | —. 005
Sar |20° 2° 9° 5° | 8° 1° ~1° 0° —go| 190

AILERONS FLOATING, NEUTRAL—15 PER CENT AXIS

Cr |0°]—0.204 0.040| 0.162| 0.260| 0.518 0.705 0.864 0.045| 0.988 L020] LO034| LO47)| 1L045| 0.756| 0.688( 0.664| 0.608 | 0.505
Cp |0° .037 027 .02 .022 .041 .099 .17 .125 .138 .175 .218 .340 .408 547 .T04 .830
ar |o° .011 . 008 L0031 —.007| —014 | — 021 - 024 —. 026 — 034} —. 030 | — (45| —. 058 | — 036 | —. 065 | —. 047 | —. Q30| —. 027 | —. 028

W | 0° . 001 . 001 . 002 . 001 . 002 2004 . 005 . 008 . 008 .010 .01 L0121 .016 . 025 . 028 . 028 . 030 .035
d4r | 0° 19° 13° g° —1° —go| 8o —15°| —18°| —17° —18°| —~19°| —21°| —23°| —28°| —33°| —45°| —55°| —61°

cr |20° 0. 070 0.071 0.009' 0.070 0.085| 0.059| 0.044| 0.036 | 0.037
W |20° —.003 —. 001 —. 001 —. 003 —.003 | —. 004 | —. 006 | —. 008 | —.007
Sar [20° 2° 10° 6° 4 3° 3° 3° —-2°: -11°

AILERONS FLOATING, NEUTRAL—20 PER CENT AXIS

Gu |gof 0.1 00| 0L7| 0.262) 0.50| 0.787| 0.882| 0.9%8| LOU| L0Z| 10B| LO| LOM| 0.762| 0.00| 0.640| 0.505) 0.508
Cp {0°] . co| Com| Cozd| Toso| om -116 cs| T Tae| 33| Lato| .ss2| .712| .s30
G 00| 8| 0m| 00| 006|015 | — 00| — 02| — 027 | — 034 | — 038 | 0% | — 00 | — 087 | — 005 | — 048 | — 028 | — 028 | — 028
G |oo| oot] oo2| loor| .ooL| -o02{ .oot| :o0s{ .oor| oos| oo .ou]| .o13| .oi6| .o2t| .o2r| .026| .30 .34
sir |0° 18° 12°| “ge| —1°| —e°| —13°| —m°| —15°| —17°| 18| —19°| —=m°| —o3°| —28°| 3k | —47°| g8 | —6t°
RIGHT AILERON UP—LEFT AILERON DOWN
ol |00 0.070 0.070 0.070 0.089 o005 | o.0s| ool aoz| oox
Y [2° —. 003 —.001 —.003 —.004 —.005 | —.005 | —.007 | —.006 | —. 008
sir [20° z3° 10° 6° 4 4° 2° =3 -1
TABLE XIX

ROTATION TESTS. 10 BY 60 INCH CLARK Y WING WITH CLARK Y TIP AILERONS 100 PER CENT ¢ BY 20 PER
CENT b/2; FLAPS UP 11°

R. N.=609,000; VELOCITY=80 M. P. H.; YAW=0°
ATLERONS FLOATING AND NEUTRAL
Chisgiven for forced rotation at -%—0.05, (+) alding rotation, (—) damping rotation; ;’1—3 valaes are for free autorotation

a i 12°|14° 10 | 18° | 19° | 20° | a1° | 2a° | 230 | 2o | 25° | 26° | aro | 2m° | 20° | 30° 40°
. 10 per cent axis
G |-0.023 |—0.020 |—0.018 |—0.015 |—0.026 0014 0.017 —0.013 —0.009 {—0.008
(+). Rotation b
(clockwise). || & ons| .122| 0130 | .162| 0168
(=) Rotation || & | —020]| — o7 | —o17| —o14 | — 007 —.028 .003 . 005 —.002 | —.005
(oounter- || 20 167 | .082] .073 | @074 0.063 | 0.055 | 0.038
clockwise), [\ 2V : .
15 per cent axls
¢ |~ 024 |—0.020 [0 018 [—0.016 -0 0.020 0.027 —0.014 —0.000 |—0.008
(+)_ Rotatlon |! op !
(clockwise). || 37 0.128 | .149 | 0185 | .192
(=) Rotatlon |[[ G | —020] —016 | —.014 —om{—.oml -0 .004 . 008 —.002 | —.005
d‘m" 2" | .009 { 0,078 L083 0.067 0.034
;
20 per cent axis
G |—0.023 {—0.022 |—0.016 |—0.014 | 0.003 | 0.012 | 0.014 | 0.018 | 0.018 —0.013 —0.009 [—0.007
(+)_ Rotation b
(clockwise). 2 107 ) .113 141 | .156
(<) Rotation || &3 | —@1| —.017 | —.016| —013| —. 005 |~ 020 |—.028 | .004| .004 . 007 .000 | —.004
&“1““,‘"' ’;i“'-, 188 | .075| 0085 . 087 0.074 0.043
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TABLE XX

10 BY 60 INCH CLARK Y WING WITH CLARK Y TIP AILERONS 100
PER CENT b/2; FLAPS UP 11°

R. N.=609,000; VELOCITY==80 M. P. H.; YAW= —20°
- AILERONS FLOATING AND NEUTRAL
Ca is given for forced rotation at %—0.05, () alding rotation, (—) damping rotation

ROTATION TESTS. PER CENT ¢ BY 20

a (1 12° 14° 16° 18° 20° 2° 25° 30° 40°
- 10 per cent axis
E—g Rotation Ecountm'clockwl.se)..... ..... - G| —oo018 0.008 0.012 0.019 0.020 0.047 0.067 0. 0.032 0.019
+) Rotation (G10CKWIS6) o oo eooeomom oo e G —.020 —.045 —.048 —.054 —. 054 —.073 —.072 - —.046 —.030
15 per cent axis
&—g Rotation gcountﬂ'dockwbe)__ ........ G | —0.019 0.005 0.010 0.016 0.027 0.046 0.086 0.055 0.031 0.8:]3
-+) Rotation (clockwise). o cocmaeaas 5% —.028 —. 044 - —. 053 —. 063 —.072 -.070 —. 062 —. 044 -
20 per cent axis
E—g Rotation éeounterclockwise).._. _______ G —0.021 0. 005 0. 009 0.015 0.020 0.048 0. 068 0.056 033 0.020
+) Rotation (clockwise) . ooceeceeo- P G —.028 —.043 —~. 047 - ~.083 —.072 —.07 —.062 —.048 —.034
TABLE XXI
FORCE TESTS. 10 BY 60 INCH CLARK Y WING WITH CLARK Y TIP AILERONS 100 PER CENT ¢ BY 20 PER
CENT b%/2; FLAPS UP 11°, TRIANGULAR END PLATES
R. N.=609,000; VELOCITY=80 M. P. H.; YAW=0°
« —10° | —& | -3 | ¢ 5° 100 | 122 | 140 | 16° 17° 180 | 200 | oz | 20 | s0° | 40° | &o° 60°
ER AILERONS FLOATING NEUTRAL—10 PER CENT AXIS
Cc. |o°|—0256] 0.015] 0.130] 0.301| 0.6086| 0.880| 0.084}) 1oe5| L115| 1.100| L0883 | L0483 0.950| 0.676( 0.612] 0.623 | 0.576 | 0.403
Cp |0Q° 047 .018{ .018| .o:m| .o42| .o076| .o03| .110| .134 J149) .38l .104| .222| .321f .378 .561| .688( &34
sar [ O° 15° 5° o —go| —go| Z14°o| Z17°| —19°| —2;m°] —21°| —2:m°{ —24°| —25°| —22°( —28°| —35° | —40°| —4p°
+  RIGHT AILERON UP—LEFT AILERON DOWN
]
cr e | 0.033 0.032 0.030 0.031 0010 | 0.031| 0.031 | 0.037 | 0.024
W [100 I . 001 . 002 003 .003 L003 | .002{ — 004 | —.008 | — 000 |-meamoclomamaaas
3r |10° | 10° —4° ~g° —-12° —13° | —15° ] —15°| —10°| —27° |oceeooeifmcnaanen
cr|@° l . 066 .069 .070 .071 057 | .o87| .o84| .088| .047
Ce [ ! . 002 - 008 .008 .008 c005| .008| =003 — 005 | —. 008 |- .oaaooo
sar  |20° ! a° 7 3° 0° 22| =8| —-13°| —12°] —-20°
cr 300 | .103 104 .0868 .086 084 | .089| .080| .003| .070 |eceocaci]oeecaaane
Ca’  [30° | . 001 .003 .003 . 003 .003| .c03| .000; — 003 —.000 |..
ar  [30° : 30° 20° 14° 12° 8° 6° 1°| =3 =12 |eeecac]onneaee
ATLERONS FLOATING, NEUTRAL—15 PER CENT AXIS
c. (0°|—0218] o0os2| 0177| 0328 0640 0.917| Lo25| Loo8| L140| 1123 L115| LoO48| 0.976| 0.683 | 0.638 | 0.6341 0.500 | 0.500
Cp |0° . 048 .o21| o8| .oo1| .os2| .o74| .oe3) 109| .130| -144-|- .361| .101| .20 .323| .34 .o47( 707 | .87
Sar |O° 19° 12 1° 0| —&| —10°| —12°| —°| —16°| —17 (182 | —20°| —17° | —19°| —24° | —31°]| —37° | —d8°
RIGHT AILERON UP—LEFT AILERON DOWN
cr o 1° 0.032 0.031 0.031 0.030
S 100 —. 001 .000 .01 .002
dar 10° 11° —3° —8° -11°
cr 2 . 085 .068 . 088 .062
W 20° .00L .004 005 .005
dar 20° 22° 8° 4° 1° L
cr 3 .108 .102 .082 .084
W 30° —. 002 .002 .002 .00
dar 30° 38° 21° 17° } 13°
ATLERONS FLOATING, NEUTRAL—20 PER OENT AXIS
c. (oo} —0105] cos2| 0216 0.383| cer2| a9s1| Los0]| Li28! L159| 1.154) 1142 LoOe5| Lo003| 0.705| 0.643| 0.648 | 0.610 | 0.518
Cp |o0° 047 03| .o019] .0%4| .o043| .o | .oo1| .110{ .182 J147| .1e2| L1858 .24 .330| .400| .s60| .719| .850
iz | O° 21° 14° 13° | —=1°| —e| =8| —mn°| —13°| —14°| —18°| —1°| —17°] —18°| —25°| —29°| —3°| —42°
RIGHT AILERON UP—LEFT AILERON DOWN
cr |we | 0.031 0.031 0.031 0.031 {&%}am 0.030 | 0.034] 0.020 f.oeeoo.. e
cr o | .000 .000 .000 .000 -6 | —.001 | —.005 | —. 008 | —.008 1
ar [10° i 11° —1° —4° -7 —10°| —11°| —13°| —18° | —24° |.___.... [
o e ' 066 088 086 082 062
G [ .000 .003 . 004 .005 . 004
dar |20° xn0° 10° 6° 1° -3
o o .103 097 .083 081 { 00
30 : —.003 .001 —. 001 .000 .000
dir |30° ! 31° 21° 16° 13° o°
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TABLE XXII

FORCE TESTS. 10 BY 60 INCH CLARK Y WING WITH CLARK Y TIP AILERONS 100 PER CENT ¢ BY 20 PER
CENT b/2; FLAPS TP 11°, TRIANGULAR END PLATES

R. N.=609,000; VELOCITY=80 M. P. H.; YAW= —20°

a -10° | =5 | =3 | ¢ | & | 100 } 2 [ e | 1w | e | e | oo | o2 | oo | a0 | 40 | om0 | eoe
b AILERONS FLOATING, NEUTRAL—10 PER CENT AXIS
¢ {0°|—o2mn| cos! asl| o2s] o554| 0.755] 081! 0.010] o.087| oos2| 0.994| o.o00| coves| oess| ezl oez!| oses| o4
Cp |0°| .oo0| -o38| .oo7| .ome| .085| .om| .om| .100| .1%| .137| .148| .185| 22| .m7| -3sri o] eso|
¢ |o0o| —o003| —004! 007 | — o011 | —020| —013 ] —016 | — 020 | — 0% | — 032 | — 041 | — 082 | —.062 | — 070 | — 035 | — 038 | — o3y | — S0t
'’ 0° . 003 . 004 . 004 . 005 . 008 . 007 .008 .010 .012 .018 .014 .018 .017 022 03 028 .031 .03
Sar 0° 12° 6° 3° —1° —g° —18° —15° —17° —19° —20° -21° —-23° —25° —3s8° =37 —47° —56° —4°
RIGHT AILERON UP—LEFT AILERON DOWN
cr  |° 0.080 0. 47 0.070 0.074 0.076 | 00786 | 0.052] 0.043 0.028
oy e <000 " 008 - 006 <005 003 | .001| —.002| —. 005 | — 005
sy |20° 107 21° 5° 3° 1° | po| 5| | —m®
AILERONBS FLOATING, NEUTRAL—15 PER CENT AXIS
Cr, 0°) —0.242 0.047 ) 0.162] 0.3156] 0.576 1 0.774 0.857 | 0L934| 0.979 0.998 1.019 1003 0. 946 0.672{ 0.618 0.620| 0.578 | 0.488
Cn 0° . 058 .038 . 040 . 056 _.076 . 000 .105 128 . 136 L1481, . 184 .222 .329 .385 535 683 .812
¢ |0°| —00t| — 04| —005| — 009 [ — 015 | =009 | —013 | — 017 | — 025 | — 031 | — 037 | —.058 | — 068 | —. 057 | — 047 | —. 032 | —. o9 | — o35
Ca 0° .002 .003 003 004 . 0056 . 008 .008 .010 .012 .013 .04 .018 .018 024 .03 .028 031 .034
Sur 0° 13° 8° 5° 1° —4° —10° —12° —14° —17° —18° —19° —21° —-23° —28° —38° —49° —57° —62°
|
RIGHT AILERON UP—LEFT AILERON DOWN
e foe {ones 0.060 0.052 ao«s! 0.070 0.055 | 0.055 | o.068| 0050/ 0.0z
W [20° —. 002 . 008 007 | . 003 .001 L000 | —.006| —.005] —. 005
Sar [20° 23° 6° 1° I 1° —3°| —4°| —5°] —6°| —13°
AILERONS FLOATING, NEUTRAL—20 PER CENT AXIS
. 0o —0241| ooss| o1ez| 0.291| o575 o7ee| ases| cess| 0.009| Lom| rLoz| Loz | 09| cesz| cex! oes| o5l o402
¢ ool 7 .038| .03 | .o040| .os5| .o78| .001| .105| .124| 134| .148| 183| .om| -:e| -s00| s35| e | “hiz
6 |0 —005| —005|—008|— 009 — 015 —007| —007 | —012 | — 019 | — 03| — 082 | — 044 | — 054 | — 057 | — 047 | — o031 | — 007 | — 2%
Cy' 0° .004 .04 005 . 008 007 .008 .010 .012 .013 016 .016 .018 . 025 027 032 .035
Sar 0° 13° 8° 6° 3° —g° —11° —12° —14° —14° —15° —18° —18° —20° —25° —40° —50° —58§° —67°
RIGHT AILERON UP—LEFT AILERON DOWN
o lae 0.057 0.057 0.057 0.081 0.065| 0.061| o.058| 0.038| 002
Cs!  [20° —. 003 . 001 .001 . 000 —.001 | —. 002} — 005} —.004 | —. 007
s 20 2 10° 5° 2 | | i | e | el

TABLE . XXTII

ROTATION TESTS. 10 BY 60 INCH CLARK Y WING WITH CLARK Y TIP AILERONS 100 PER CENT ¢ BY 20 PER
CENT b/2; FLAPS UP 11°, AND TRIANGULAR END PLATES

R. N.=609,000; VELOCITY= 80 M. P. H.; YAW=0°
AILERONS FLOATING AND NEUTRAL

Ci 1s glven for forced rotation at 12—'7’-5-0.05, (+4) alding rotation, (—) damping rotation; g—;’;m]um are for free autorotation

!a‘m 2 e | e | s m°‘m°|m°z2°z;°24° 2° | 250 | = | 300 | 400
| |
10 per cent axis
G [~0.02 |-0.020 l~0.015 | —.013 | 0.002 0.020 0.021 —0.010 —0.010 |—0.006
(+) Rotatlon (clockwis)...... ‘2’—%; 0000137 | .10 |a2i]| .28
(=) Rotation (counterclock- || G | —020 | —.016 | —.016 | —.012 ,—.008 —.028 .007 .009 ! —.007 | —.007
I ;1;—‘} 09| 167 (o1 |an7| .11 oose|oos
-+ !
15 per cent axis
» G [-002|~0.02 [-0.018 |~0.014 | 001 0.016 .020 —0.010 —0.009 |—0.008
(+) "Rotatlon (clockwiso).... 44 0980145 144 | 0182 | .2
(=) Rotation (counterclock- || i/ | =019 [ —.016 | — o015 | —.012 |~.008 -0 .003 .009 —.00¢ | —.008
L P ’2’1’ 21| 167 { ous . | a7 | oo
|
20 per cent axis
G |~0.022|-0.02 [—0.018 |~0.014 | 0001 0.015 0.018 —0.010 —0.008 | —0.008
(+) Rotatlon (clockwiso)..._.. ;’—'—" | 0 |om6| J12¢] 0070 228
(=) Rotation (counterclock- || G | =0 [ —.017 | 014 | —o11 |~ 005 ||~ 028 .005 .007 —00t | —.005
B o TR 2" 210 167 | 0,100 .106 | 0.100 | 0.050
|
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R. N.=609,000; VELOCITY=80 M. P. H.; YAW= —20°

TABLE XXIV

ROTATION TESTS. 10 BY 60 INCH CLARK Y WING WITH CLARE Y TIP AILERONS 100 PER CENT ¢ BY 20 PER
CENT b/2; FLAPS UP 11°, TRIANGULAR END PLATES

AILERONS FLOATING AND NEUTRAL

G, is given for foreed rotation at %‘;—0.05, (-}) alding rotation, (—) damping rotation

a o° 12° 14° 16° 18° 20° r° 25° 30° 40°
10 per cent axis
2 g Rotation {(counterclockwise) . —-——.—....| C —0.013 —0.002 0.003 0.011 0.025 0.041 0. 068 0.052 030 0,019
+) Rotation (clockwise) e ccccmamamcaaean | G —.031 —. 037 —. 041 —.046 —. 055 —. 083 —.073 —-. 058 —. 47 —.038
15 per cent axis
§—) Rotation (counterclockwise)..—ooceeao| G —0.014 —0. 006 —0.001 0. 008 0.022 0.038 0.0683 0. 057 0.028 0.018
-+, Rotation (clockwise). ce omeevmeaee -] & —. 030 -.033 —.037 —. 042 —. 052 —. 060 —. 068 —. 068 —. 045 —.034
20 per cent axis
2—; Rotation Ecounterclockwisa)..... ..... a —0.018 —0. 008 —0.004 0.003 0.017 0.033 0.061 0.058 0.031 0,018
+) Rotation (clockwise) ccoeeaemmmmemeaa (&Y —. 030 —.020 -—.033 —.038 —. 047 —. 035 —. 065 -, 064 —. 040 —. 034
TABLE XXV
CRITERIONS SHOWING RELATIVE MERITS OF AILERONS
Plain allerons Symmetriual
Symmetrical floating tip 0% Symmtdml floating tip
40 te| Do B per oo b daps | b "n“ p““"“ By S0 per conk b inpe
r cent ¢ 23 I T con! 1
25 ﬁr wg:n‘i percent 0‘? 1o end plates; float- per eent ; 21 u pcno ond plates
%Z (gmed b/:l(rlggedup ing sailerons 40° Eﬁpso" ilogaduf; dliI allerons 404
Subfect Criterlon sizg)| 100 When eroncs. eronco . erence.
Differential Trian-
Standard 10 per | 15 per | 20 per 10per | 16 per | 20 per
3=25° up 6-5%311% cent | cent | cent egm g;gﬁr cont. | ‘cont | ‘cont
25° 7 down axis axis axis plates axis
Wslgged‘areaorminlmum Maximum Cr 1270 1173 1L074| L098 1117 1.102| 1.103{ 1.080| L116 1,130
%&eed ___________ Max C =00 oo 819 6532 59.8 646 50.8 6L2 69.0 67.7 63.0 00.4
to of SO Li/Dat 1.='0-"0 16.9 17.1 121 127 125 13.6 13.5 131 13.3 13.7
RC o= (° 204 248 . 200 <304 .342 <224 <263 .263 . 269 .
RC  a=10°_ . 076 .075 .0861 .n85 | Ailerons .02 .o78( .079 082 |Allerons
Lateral controllability.. flutter. flutter.
RC a=20° .038 1,078 . 085 . 065 .062 . 057 .053 . 081 . 003 . 007
RC a= 017 . 027 .002 .001 .001 116 .013 090 .002 .089
Lateral control with | Maximum aat wh.lch ailerons will bal- 20° 26° 21° 20° 20° Al 26° 20° 20° 20°
gideslip. ance Cy due to 20° yaw. Angles,
G =0 —.007 .o2f .oozf .oom| .oor| .oor| .oozf{™0LN .. —.001
Yawing moments dus [|Ca a=10° —. 004 .028 .018 . 016 | Ailerons .016 017 .015 .014 |Allerons
to aflerons; () favor- flutter. fluttor.
able, (—) unfavorable. || Ca a=20° —.010 .030 .03 .030 .03 028 025 029 0, +029
Co =3P —oosl{ L300 .o .em| om| .oe| .s0f .om| .owm| .om
a for initial instability In rolling_____. 15° 2 | 20 | 2° 19° 1w |10 [ 20 | 100 10°
N et PO/ T =005 17° w e e [P | o1 {1 e | |
aw=
Lotorsl stabllity | Yewma? 1° 1w | 1 | 10e 10° e |10 | 100 | 100 10° -
4 . faximmm unstabls Ca:
Yaw=l°, .48 .013 .018 .017 .017 017 . 025 .018 .018 020
Yawm2(° 093 .072 .061 . 061 .062 047 .062 064 082 .085

Footnotes at end of table.
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TABLE XXV-—Continued
CRITERIONS SHOWING RELATIVE MERITS OF AILERONS—Continued

ymmatrieal floatin Clark Y floating tip alle-
ailrons 10 per ceat by cgrg }’mﬂ“%tﬂ?b?“% mmlou%el;cantcb y 20
percent bfs; flaps 2° up por cent 3’“ flaps 11°ap, | Per ¢ cent bfs; flaps 11° up,
ﬂmu'ianﬂgar lelnd plate Do end tea oating' b ﬁnd platg
Subject cr n Doa ailerons allerons difference. d?&%ce.a erons
10 per 16 per 201:)er 10 per 15 per 20 per 10 per 15 per 20 per
cent axis | cent axis | cont axis | cant axis | cent axis | cent axis | cent axis | cent axis | cent axls
Wing area or minimum speed... Maxim CL 1095 L1125 1158 1083 1118 L1129 1115 1.140 1.160
Speed range {ax C Cpda=0° - 84.0 66.5 63.3 65.5 6L1 5L3 63.0 626 59.8
Rateofelmb_ oo L/D at Cr=0.70 4.0 14.7 15.6 12.8 125 13.2 13.6 14.6 15.5
RC a= 0° .218 .20 L1756 257 .28 . 208 .218 .28 .169
RC  a=10° 072 .072.| Aflerons .087 .085 .083 .075 Hirst .070
Lateral controllability....c..... . flutter,
RC  a=2)° . 081 . 051 .052 . 085 . 085 .064 . 050 . 058 . 081
4 RC  a=30° 104 104 .102 090 . 090 . 089 . 088 .085 . 089
Latera! control with sideslip....| Maximum aat which allerons will bal- 23° 23° 21° 20° 20° 20° 23° 23° 23°
ance Ci’ due to 20° yaw.
G s (° 2.001 : .00l T N 7>Y SR | N—
Yawing moments due to afle- ||Cx  a=10° . 016 .015 | Aflerons .018 .018 015 .017 .015 .014
romr (-{;) favorable, (—) un- flatter.
Ca a=20° .028 .022 .023 .032 .031 .020 026 .027 .023
Ca  a=30° .020 .029 .020 .028 .028 .07 .029 .028 .037
« for initial Instability 15 ...... 19° 18° 18° 19° 19° 19° 18° 18° 19°
« for initial lml:ability at p’b/2 =0,05:
Yaw=0° 18° 18° 18° 18° 18° 18° 18° 18° 18°
Lateral stabllity (34=07)........ Yaw=20° 12° 14° 15° g° 10° 10° 13° 14° 16°
Maximum unstable C.
Yaw=0°, 022 . 020 .019 .017 .027 .018 .021 .020 018
Yaw=20° 057 . 081 . 059 . 067 . 066 . 068 . 068 .083 .081

! RC has a minimum value of 0.063 at «=17° and 8 maximum of 0,086 at a=23°.
1 Whero the maximum yawing moments occur below maximum aileron deflection, the number 2 indicates that the deflection of the up alleron was m°
3 This wing Is unstable from a=4° to «=8° and is stable from a=8° to a=16°, above a=16° the wing is unstable.
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